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Analysis  of  the  Nauheoi  Mineral  Waters.    The  Amounts  of  Solids  are  Given  in  Grajis  as  Con- 
tained IN  1,000  Grams  of  Water. 


Constituents. 


Chloride  of  sodium  

Chloride  of  lithium  

Chloride  of  potassium  

Chloride  of  ammonium  

Chloride  of  calcium  ,  

Chloride  of  magnesium  

Bromide  of  magnesium  

Sulphate  of  calcium  .\  

Sulphate  of  strontium  

Bicarbonate  of  calcium  ■  

Bicarbonate  of  magnesium  

Bicarbonate  of  sodium  ,  

Bicarbonate  of  iron  

Bicarbonate  of  manganese  

Bicarbonate  of  zinc  ;  

Silicic  acid  

Arseniate  of  iron  

Phosphate  of  iron  ^  

Oxide  of  copper,  chloride  of  thallium,  oxide  "of  lead,  nitric  acid,  or- 
ganic substances  .\.  

\ 

Amount  of  solid  constituents  

Absolutely  free  carbonic  acid  gas  

Semi-free  carbonic  acid  gas  contained  in  the  bicarbonates  

The  active  carbonic  acid,  i.e.,  the  free  and  semi-free  together. 


\ 


j  Celsius. 


Temperature  -j  FahreniaeVt 


Springs  for  the  Baths. 
No.  7.  No.  13. 


Grosser 
Sprudel. 


21.8245 
.0493 
.4974 
.0.550 

1.7000 
.4402 
.0060 
.0347 
.0.390 

2.3541 


.0:383 

.0065 

.0104 

.0325 

.00036 

.00046 

Traces. 

27.0886 
2.3764  = 
1216.6  c.c. 

.7343  = 
375.7  c.c. 

3.1106  = 
1593.3  c.c. 
31.6° 
88.88  " 


Fried  rich 
Wilhelms- 
Quelle. 


29.2940 
.0.536 

1.1194 
.0713 

2.3249 
.52.55 
.0083 
.03.53 
.0499 

3.6013 


.0484 
.0069 
.0089 
.0313 
.00(13 
.0007 

Traces. 

36.1695 
1.9777  = 
1039.9  c.c. 

.8123  = 
416.3  c.c. 

2.7900  = 
14.56.1  c.c. 
35.3  ° 
95..54  " 


Drinking  Springs. 

Karls 

IjHI.!  W  1^ 

ViT"!!  11  n  tin 
UI  UIlLlcLl. 

15.4215 

9.8600 

0.3411 

.0367 

Traces. 

.0013 

.5370 

.0731 

Traces. 

.0371 

.0113 

1.0349 

1.0578 

.7387 

.3040 

.0063 

.0014 

.0338 

.2377 

.0288 

.0334 

.0087 

Traces. 

1.1461 

.9515 

.3692 

.1928 

.0928 
.0098 

.0363 

.01.53 

.0080 

Traces. 

Traces. 

.0070 

Traces. 

.0186 

.11087 

.0121 

.00016 

Traces. 

.00034 

.0003 

Traces. 

Traces. 

Traces. 

19.0549 

13.4196 

1.0478 

21.4° 

15° 

18.8° 

70.55  ° 

59° 

65.84° 

drink  freely  of  the  water  of  the  Kurbriinnen,  which  is 
ricli  in  cliiorides  of  litliium,  potassium,  and  the  bicar- 
bonate of  lime,  and,  when  a  more  strongly  alkaline  water 
is  indicated,  of  that  found  in  the  Ludwigbrunnen.  These 
springs  are  thought  to  be  of  special  virtue  in  the  removal 
of  deposits  about  the  joints.  For  the  stiffness  and  swell- 
ing of  the  articulations  occasioned  by  gout,  baths  are 
ordered  which,  beginning  with  thermal  brine  baths  of  a 
temperature  of  93°  to  95°  F.,  are  gradually  changed  to 
more  stimulating  ones,  the  effervescing  water  of  Spring 
12  being  considered  especially  suitable.  Finally,  resort  is 
had  to  the  flowing  effervescing  bath,  which  is  powerfully 
stimulating  to  the  circulation,  and  is  a  specialty  of  Bad- 
Nauheim  owing  to  the  unequalled  richness  of  Spring  12 
in  carbonic  acid  with  its  temperature  of  92°  F. 

Patients  suffering  from  anfemia  and  chlorosis  are  said 
to  be  much  benefited  by  bathing  in  the  waters  of  these 
spiings  on  account  of  their  containing  iron  as  well  as 
stimulating  salts  and  CO2,  while  at  the  same  time  they 
drink  the  purgative  waters  of  the  Kurbrunnen  and  Karls- 
brunnen. 

Disorders  of  the  female  pelvic  viscera,  particularly  pel- 
vic exudates,  are  said  to  be  favorably  influenced  by  the 
warm  brine  baths,  either  with  or  without  the  addition 
of  carbonic  acid. 

Diseases  of  the  spinal  cord,  as  well  as  neurasthenia  and 
other  disorders  of  tiie  nervous  system,  also  receive  treat- 
ment at  Bad-Nauheim,  and  Medicinalrath  J.  Groe<lel,  in 
his  little  work,  "Bad-Nauheim:  Its  Springs  and  Their 
Uses,"  cites  cases  of  the  kind  which  have  been  remark- 
ably helped.  Professor  Erb,  of  Heidelberg,  sends  numer- 
ous patients  thither  and  highly  praises  the  virtues  of  its 
waters  in  tliis  class  of  cases. 

As  already  stated,  the  waters  of  Bad-Nauheim  are  re- 
puted to  be  of  special  efficacy  in  the  treatment  of  both 
acute  and  chronic  articular  rheumatism,  being  employed 
in  the  form  of  baths,  as  has  been  the  plan  of  management 
at  other  healtli  resorts  for  centuries.  Cases  of  compara- 
tively recent  development  are  subjected  to  the  influence 
of  the  simple  warm  saline  bath,  but  in  protracted  and 
chronic  forms  of  the  affection  the  stionger  and  carbo- 
nated waters  are  employed.    The  design  of  the  bath  is 


to  promote  healthy  circulation  in  the  affected  joint,  and 
it  is  believed  that  the  comparatively  cool  (92°  to  95°  F.), 
strongly  saline,  effervescing,  and  hence  powerfullj'  stim- 
ulating baths  of  this  spa  accomplish  this  result  more  cer- 
tainly than  do  the  hot  weaker  baths  given  at  other 
resorts. 

The  treatment  of  cardiac  diseases,  for  which  Bad-Nau- 
heim has  justly  attained  so  great  a  renown,  is  an  out- 
growtii  of  the  treatment  of  articular  rheumatism.  It 
was  Dr.  Beneke,  one  of  the  earlier  physicians  at  this  re- 
sort, to  whom  credit  is  mainly  due  for  the  development 
of  tills  use  of  Bad-Nauheim  waters,  although  the  Schott 
brothers,  Groedel,  Heineman,  and  others  have  bi'ought 
the  treatment  to  its  state  of  perfection.  Beneke  contrib- 
uted reports  wherein  he  showed  that  this  means  of  ther- 
apy is  beneficial  in  four  ways:  (1)  by  preventing  col- 
lapses of  acute  rheumatism,  which  would  increase  an 
existing  valvular  defect:  (2)  by  promoting  absorption  of 
endocarditic  products  in  the  same  way  that  these  waters 
favor  the  absorption  of  inflammatory  deposits  in  the 
joints;  (3)  by  exerting  a  soothing  effect  on  the  heart's 
action ;  (4)  by  improving  compensation  in  old-standing 
valvular  disease.  It  was  this  last-mentioned  effect  which 
led  Groedel  to  affirm  in  a  paper  contiibuted  to  the  Ber- 
liner  Idin.ische  viediciitische  Woc/w/tsc/irift  in  1878  that 
these  baths  improve  cardiac  energy  and  are  a  powerful 
heart  tonic  in  other  diseases  be.sides  valvular. 

Carbonated  thei'mal  brine  baths  tend  to  quiet  and  regu- 
late the  action  of  the  heart,  improve  its  innervation,  and 
increase  its  muscular  tone.  It  is  this  effect  which,  in  the 
experience  of  all  physicians  who  have  employed  the  treat- 
ment, makes  it  aiipiicalole  to  all  forms  of  circulatory  dis- 
order, wlietlier  deiieiiding  upon  endocardial  or  myocar- 
dial disease,  or  merely  upon  nervous  derangements.  It 
is  generally  taught  that  severe  degrees  of  arteriosclerosis 
and  aortic  aneurism  are  injuriously  affected  by  such 
baths,  but  Groedel  has  shown  that  if  they  are  given  in 
such  a  way  as  not  to  augment  blood  pressure,  even  these 
two  diseases  may  be  materially  benelited. 

The  methods  of  employing  balneology  in  the  manage- 
ment of  cardiac  disea.ses  is  simple  and  yet  requires  an  in- 
telligent conception  of  the  principles  concerned,  and  of 
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the  effects  produced  by  baths  of  different  strengths  and 
temperatures.  The  warmer,  less  strongly  saline  ones 
serve  \p  soothe  and  relieve  the  weak,  irritable  heart, 
whereasijtliose  that  are  strong  in  mineral  ingredients  and 
charged  Vvith  CO2,  and  at  the  same  time  of  low  temper- 
atures (8'Q°  to  83°  F. ),  stimulate  the  organ  to  increased 
work.  It  i(S  clear,  therefore,  that  these  last  are  permissible 
only  after  \compensation  has  been  re-established,  or  in 
cases  that  have  never  displayed  very  obvious  weakness. 
It  is  not  claiWed  that  the  balneological  treatment  of  car- 
diac disease  c'^n  be  given  only  in  Bad-Nauheim,  but  that 
here  the  advantages  for  this  foi-m  of  management  are  es- 
pecially good.  This  is  particulai'ly  true  of  the  flowing 
effervescent  bawi,  which,  it  is  said,  can  nowhere  else  be 
given;  and  as  it\is  powerfully  stimulating,  this  kind  of 
bath  is  highly  beneficial  in  suitable  cases. 

Very  briefly  stat,ed,  the  following  is  the  method  of  or- 
dering the  treatment.  At  first,  baths  are  prescribed  which 
are  weak  in  salts  (about  one  per  cent,  of  sodium  chloride 
and  one-tenth  per  ceijt.  of  calcium  chloride)  at  a  temper- 
ature of  95°  to  92°  F.\  and  for  a  duration  of  from  five  to 
eight  minutes.  Carbonic  acid  is  not  added  in  the  begin- 
ning of  treatment,  or  at  most  in  a  very  weak  percentage 
of  CO2.  As  time  proceeds  and  cardiac  energy  grows, 
the  strength  of  the  bath^.  is  increased  until  the  salts  men- 
tioned approximate  three '^er  cent,  of  the  sodium  and  one 
per  cent,  of  the  calcium  chloride.  Carbonic  acid  is  added 
in  the  course  of  time,  as  determined  by  the  judgment  of 
the  physician,  and  pan  phssti  the  temperature  of  the 
water  is  reduced  and  the  length  of  each  bath  is  increased, 
until  at  last  the  patient  remalps  in  the  tub  about  twenty 
minutes.  \ 

In  the  fore  part  of  the  treatljient  the  baths  are  inter- 
rupted by  an  occasional  day  of  rest  (one  out  of  every 
three  or  four),  but  toward  the  eh,d  of  the  course  such  in- 
terruptions come  at  longer  interVals.  Patients  are  also 
required  to  lie  down  and  rest  aftei"  each  treatment  for  an 
hour  or  so,  in  order  that  the  eflefet  of  the  bath  may  be 
retained  and  opportunity  be  given^for  a  nap  if  inclina- 
tion thereto  be  felt.  \ 

In  addition  to  balneology  patients  are  usually  in- 
structed to  take  exercise  either  in  the  form  of  massage, 
the  so  called  resistance  exercises,  or,  as  the  heart  becomes 
equal  to  it,  by  walking  on  the  level  or  '^ip  the  gentle  in- 
clines prepared  for  the  carrying  out  of'vOertel's  terrain- 
kur.  The  diet  and  intake  of  fluids  are  ajjso  supposed  to 
be  carefully  regulated. 

As  has  been  stated  in  numerous  medical.journals,  this 
balneological  treatment  can  be  very  well  gi,ven  at  home 
by  means  of  artificial  waters,  and,  as  my  experience  has 
abundantly  proved,  with  excellent  results.  It  is  not  pos- 
sible, however,  successfully  to  imitate  the  current  bath, 
and  in  addition  it  is  difficult  to  get  patients  to  make 
treatment  the  sole  aim  of  existence  as  at  Bad-Nauheim. 

In  concluding  this  brief  sketch,  which  by  reasop  of  the 
limitation  of  space  allotted  is  necessarily  cursory  ^and  in- 
complete, I  desire  to  express  my  sincere  thanks  to  Di'-  H. 
N.  Heineman  and  to  Dr.  Groedel  for  valuable  assistance 
rendered  by  them.  I  am  also  indebted  to  numerous  pa- 
pers by  Dr.  Schott  and  others.         Robert  H.  Babcock. 

NAVAL  HYGIENE. — Introduction. — Naval  hygiene 
may  be  briefly  defined  as  being  that  branch  of  hygiene 
which  applies  the  principles  of  sanitation  to  the  condi- 
tions peculiar  to  life  at  sea,  and  especially  as  existing  in 
ships  of  war.  Although,  in  actual  practice,  appearing 
more  or  less  mcdifled  to  make  them  meet  the  peculiar 
conditions  prevalent  on  board  sea-going  ships,  the  laws 
of  general  hygiene  must  remain  essentially  and  funda- 
mentall.y  the  same.  Adaptation  may  at  times  necessitate 
and  require  a  modification  in  the  practice,  but  can  never 
be  allowed  to  go  so  far  as  to  alter  the  principles  of  what 
is  known  as  good  hygiene,  and  so  recognized  by  the  best 
sanitarians  the  world  over. 

The  importance  of  the  study  of  hygiene  to  the  naval 
surgeon  cannot  be  exaggerated.  Unless  he  possesses  a 
profound  theoretical  as  well  as  a  practical  knowledge  of 
the  essential  and  fundamental  principles  and  purpo.ses  of 


hj'giene,  the  naval  surgeon  of  to-day  can  hardly  be  called 
"up-to-date,"  for  without  that  knowledge  he  is  barely 
able  to  perform  but  half  his  duties  as  sanitary  officer  on 
board  a  war- vessel.  Since  these  duties  must  be  confined, 
in  form  at  least,  to  recommendations,  made  to  his  com- 
manding officer,  it  is  hardly  to  be  expected  that  his  recom- 
mendations will  meet  with  the  approval,  required  by  reg- 
ulations, xmless  the  medical  officer  at  the  same  time  is  able 
to  prove  to  his  captain  that  he  possesses  the  necessary 
and  requisite  knowledge  to  entitle  him  and  his  recom- 
mendations to  that  attention  and  consideration  which 
alone  can  make  them  effective. 

To  the  naval  architect  the  careful  and  conscientious 
study  of  hygiene  is  likewise  of  very  great  importance. 
At  least  one  of  the  essential  conditions  implied  in  the 
construction  of  a  warship  is  that  it  shall  be  so  designed  as 
to  afford  a  given  number  of  men  a  wholesome  shelter 
during  the  performance  of  tlieir  duties ;  that  the  condi- 
tions on  board  be  such  as  to  preserve  the  life  and  health 
of  the  men,  aiding  them  in,  instead  of  interfering  with, 
their  most  effective  duties  and  excluding  outside  influ- 
ences that  are  detrimental  to  these  ends.  The  naval  con- 
structor owes  it  to  himself,  to  the  naval  service,  and  to 
the  people  of  his  country  that  the  best  possible  arrange- 
ments be  made,  that  the  best  methods  be  adopted,  and  that 
the  best  work  be  done  to  advance  the  interests  of  hygienic 
living  on  board  the  ships  which  he  designs  and  builds,  as 
as  far  that  may  be  within  the  range  of  his  power.  The 
ventilating  system  for  a  ship  of  modern  construction,  for 
instance,  must  be  considered  to  be  so  essential  that  without 
it  the  ship  would  be  of  little  value  and  its  use  limited. 

Since  the  type  and  details  of  a  ventilating  system  must 
be  adapted  to  the  type  of  the  ship,  it  should  from  the  be- 
ginning form  a  part  in  the  design  and  structure  of  the 
ship  and  not  be  left  to  an  aftertliought.  The  construc- 
tor, realizing  the  difflciilties,  may  commit  them  to  an 
expert ;  but  even  then  it  is  necessary  that  he  have  enough 
knowledge  of  the  subject  and  of  the  results  to  be  aimed 
at  that  he  can  readily  and  conscientiously  accede  to  the 
demands  of  the  expert,  instead  of  regarding  them  as  un- 
reasonable ;  he  should,  moreover,  possess  enough  knowl- 
edge on  the  subject  to  enable  him  to  pass  a  just  and 
proper  estimate  upon  the  value  of  the  services  of  the 
employed  expert  himself.  Thus,  in  giving  out  con- 
tracts, he  is  usually  besieged  by  competitors.  Competi- 
tion leads  to  low  bids  and  these  lead  to  poor  work  and 
material.  The  result  must  be  prejudicial  to  the  interests 
of  the  naval  service  and  to  the  constructor  as  well. 

Scientific  facts  are  stubborn  things:  they  will  not  and 
cannot  remain  long  ignored ;  mere  opinions,  whether  offi- 
cial or  unofficial,  cannot  sidetrack  them,  and  thus  the 
inevitable  conclusion  remains  that  we  must  bravely  face 
these  facts.  In  so  far  as  the  life  of  the  sailor  is  influ- 
enced by  the  training  which  he  must  and  can  receive 
only  on  board  a  warship  in  commission  and  at  sea,  it  is 
perfectly  evident  that  that  life  is  either  increased  or  im- 
paired in  value  to  the  service  in  direct  proportion  to  the 
improvements  in  the  hygiene  of  his  immediate  environ- 
ments. These  are  intimately  connected  with  tlie  im- 
provements in  the  construction  of  the  ships  on  which  he 
has  his  being. 

Fortunately,  there  is  abundant  proof  of  the  fact  that 
Avithin  recent  years,  at  least,  a  deeper  recognition  of  the 
importance  and  of  the  profound  significance  of  ships'  hy- 
giene on  the  part  of  all  the  officers  of  the  naval  service 
has  become  manifest.  It  has  become  clearly  recognized 
that  the  strength,  the  power,  the  health,  and  the  endur- 
ance of  a  ship  of  war,  in  action  or  out  of  it,  whether  on  a 
mission  of  peace  or  one  of  war,  can  be  but  tliose  of  all 
its  inmates  combined,  and,  consequently,  every  man  indi- 
vidually either  adds  or  detracts  from  the  sum  total  of 
the  ship's  power  and  endurance  in  direct  proportion  to 
the  standard  of  his  physical  health.  But  the  highest 
aims  and  objects  of  hygiene  are  not  merely  to  preserve, 
b\it  to  raise  the  average  standard  of  the  health  of  our 
men  to  its  maximum  capacity.  All  training  is  more  or 
less  useless  unless  done  on  that  basis. 

Having  once  recognized  these  things,  it  becomes  our 


154 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Naval  Hygiene. 
IN  aval  Hygiene. 


next  duty  to  examine  into  tlie  conditions,  to  consider  some 
of  the  facts,  upon  wliich  the  successful  solution  of  so 
high  a  problem  depends.  The  three  mainstays  of  all 
living  things  that  people  this  earth  are  air,  water,  and 
food.  An  efficient  ventilation,  a  good  water  supply,  and 
an  abundance  of  good  and  wholesome  food  must  ever  re- 
main the  principal  subjects  of  our  study  and  claim  our 
first  care  and  consideration.  But  before  entering  upon 
a  more  detailed  study  of  these,  we  are  impelled  at  least 
to  call  attention  to  what  seems  a  most  necessary  pre- 
liminary to  the  successful  administration  of  all  liygienic 
laws  in  every  organized  body  of  men  such  as  constitutes 
the  navy.  By  that  we  mean  the  in.struction  of  the  men 
under  training  in  the  laws  of  the  hygiene  of  our  daily 
lives. 

It  has  been  found  repeatedly  and  constitutes  an  almost 
daily  lesson  of  the  sanitarian  tiiat  one  of  the  greatest  and 
ever-present  dangers  from  disease,  on  the  part  of  the  men 
in  both  the  army  and  navy,  is  the  ignorance  of  the  most 
simple  and  elementary  laws  of  health  that  must  gov- 
ern the  every-day  conduct  of  their  lives.  Examples 
of  this  might  be  cited  ad  infinitum,  but  we  need  go  no 
further  than  merely  call  attention  to  the  lessons  that 
have  been  taught  us,  during  our  short  war  with  Spain, 
by  some  of  our  volunteer  regiments.  Many  of  our  brav- 
est sons,  because  imtrained  and  uninstructed  in  these 
things,  died  within  a  few  weeks  of  going  into  their  first 
encampment.  Hence  tlie  warning  finger,  fortified  and 
supported  by  an  experience  that  should  never  again  be 
allowed  to  lapse  into  forgottenness,  points  directly  and 
unwaveringly  to  the  necessity  for  instructing  the  men  in 
the  simple  and  elementary  laws  of  health.  This  is  clearly 
and  distinctly  the  duty  of  the  medical  officers  of  the  navy, 
the  only  officers  in  the  service  who,  by  the  very  nature 
of  their  training  and  education,  should  and  can  be  held 
responsible  for  initiating  reforms  and  improvements  in 
this  direction. 

"Nous  sommes  si  z^les  partisans  df! 
la  ventilation  que  nous  n'hfeitons  pas  a 
la  consid^rer  comme  le  premier  facteur 
de  I'hygiene  des  navires,  plus  important 
a  lui  seul  que  tous  les  autres  reunis." — 

ROCHARD  ET  BODET. 

I.  Ventilation. 

To  supply  a  ship's  complement  of  men  with  a  pure, 
good,  and  wholesome  atmosphere  at  all  times  and  vmder 
the  most  varying  conditions  of  activity,  rest,  and  climate, 
is  a  problem  which  as  yet  has  not  been  completely 
solved.  The  different  climates  through  which  men-of- 
war  have  to  pass  within  a  short  space  of  time,  and  the 
conditions  whicli  these  impose  upon  our  problem,  would 
alone  be  sufficient  to  demand  the 


greatest  possible  elasticity  in  the 
range  of  adaptability  from  any  ven- 
tilating system  that  is  known,  while 
the  large  number  of  small  water- 
tight compartments  into  which  the 
interior  of  a  modern  warship  hns 
been  systematically  reduced  would 
make  it  seem  almost  next  to  im- 
possible to  keep  the  air  inside  all  of 
these  in  a  de.sirable  state  of  purity 
and  in  constant  and  measured  cir- 
culation. While,  therefore, we  agree 
with  the  distinguished  French  hy- 
gienists  whom  we  have  quoted  above 
as  regards  the  very  great  importance, 
to  the  hygiene  of  war-vessels,  of  an 
efficient  ventilating  system,  we 
must  also  recognize  and  acknowl- 
edge that  in  no  other  department 


of  naval  hygiene  do  we  find  our-  3499.-Refknagpi\s 
selves  confronted  with  as  great  and  Model  Paper  Box. 
perplexing  difficulties  as  we  do  in  '^^ra  Karl  Schmidt.) 
the  ventilation  of  warships  of  re- 
cent construction.  We  may  accordingly  be  pardoned  for 
devoting  to  this  subject  more  time  and  space  than  to  any 
of  the  others. 


Ventilation  means  to  produce  currents  in  the  air. 
Currents  are  produced  (1)  by  rarefying  a  colunm  of  air  at 
some  place,  through  heat  or  suction,  and  (2)  by  condens- 
ing at  some  other  place,  through  either  cold  or  compres- 
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Fig.  3500.— Illustrating  Distribution  of  Pressure  in  Heated  Rooms. 
(From  Rubner.) 


sion.  An  excellent  illustration  of  the  effects  of  heat  and 
cold  iipon  the  creation  of  ai^rial  currents  is  furnished, 
in  nature,  by  our  regular  winds.  Along  the  equator 
we  have  a  belt  of  calms,  several  degrees  in  width,  over 
whicli  the  air  is  rarefied  and  expanded,  rendered  spe- 
cifically lighter  under  the  inlluence  of  a  vertical  sun,  and 
consequently  a  constant  current  ascends  into  the  higher 
regions  of  the  atmosphere ;  then  this  current  flows  north  as 
well  as  south  from  the  equator,  passing  over  the  cooler 
trade-winds  which  flow  in  beneath  them  from  either  Iiemi- 
sphere.  The  warm  equatorial  currents  descend  toward 
the  surface  of  the  earth  in  about  the  thirtieth  degree  of 
latitude.  The  same  currents  cross  the  winds  coming 
from  the  poles  and  proceed  converging  toward  them  as 
surface  winds,  whence  they  again  ascend  and,  now,  pro- 
ceeding in  a  direction  toward  the  equator,  they  descend 
throtigh  the  calms  of  Cancer  and  Capricorn,  become  sur- 
face winds,  and  form  the  trade-winds  already  alluded  to, 
thus  completing  their  figure-of-eight  form  of  circulation. 

A  similar  process,  though  on  a  much  smaller  scale,  may 
be  seen  daily  in  the  large  chimneys  of  some  of  our  great 
manufacturing  establisliments.  Through  the  fires,  the 
column  of  air  contained  inside  of  them  is  heated  and 
rarefied.  The  rarefied  column  of  air,  consequently,  rises 
very  much  as  a  stick  of  wood  forced  lengthwise  imder 
wafer  will  rise,  and  the  specifically  heavier  air,  out- 
side the  chimney,  will  press  inward  from  below.  The 
cause  of  tiiis  movement  is  the  difference  in  temperature 
between  the  inside  and  outside  columns  of  air,  for  if  this 
difference  disappears  equilibrium  is  re-established  and 
the  movement  ceases. 

In  houses  and  dwellings  of  all  kinds,  these  same  physi- 
cal forces  are  constantly  at  work,  tending  to  bring  about 
a  change  of  air  within  them.  The  porous  naturcTof  our 
l)uilding  materials,  the  winds,  and  the  differences  in  tem- 
peratui'c  between  inside  and  outside  air  are  the  efficient 
causes  of  this  natural  ventilation.  In  an  experiment  by 
von  Pettenkofer  it  was  found  that  in  a  room  of  75  cubic 
metres'  capacity  one  complete  change  of  air  was  produced 
in  one  hour  through  a  difference  in  temperature  between 
inside  and  outside,  of  20'  C. 

In  order  to  illustrate  tiie  working  of  the  principles  of 
this  natural  ventilation,  Recknagel  made  a  box  of  thin 
paper  (see  Fig.  3499)  perfectly  cubical  in  shape,  leaving 
the  bottom  side  uncovered.  Througli  this  uncovered 
lower  side  he  Iieated  the  air  by  means  of  an  alcohol  lamp. 
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thus  imitating  the  conditions  under  which  natural  venti- 
lation occurs  in  any  heated  space  in  which  doors  and 
windows  are  closed.  It  was  shown  by  manometrical 
measurements  that  in  the  upper  portion  of  such  a  box 
there  was  overpressure,  while  in  the 
lower  portion  of  it  there  was  under- 
pressure. In  the  upper  portion  tlie 
walls  were  pressed  outward,  in  the 
lower  portion  they  were  pressed  in- 
ward. About  the  middle  part  the 
pressure  was  =  0,  and  the  line  of  this 
zero  pressure  was  called  the  neutral 
zone.    (See  Fig.  5300,  line  WW). 

It  will  easily  be  perceived  that  wher- 
ever ventilation  is  effected  by  suction 
or  exhaustion  there  must  be  under- 
pressure, produced  throughout  the 
entire  enclosure.  The  neutral  zone 
will  rise  up  to  the  ceiling  or  near  the 
place  where  the  exhaustion  is  done. 
The  region  of  underpressure  will  rise 
until  it  prevails  throughout  the  entire 
space.  Under  such  conditions  air  tends 
to  press  into  the  enclosure  from  below, 
through  cracks  in  the  sides,  or  wher- 
ever underpressure  extends.  In  case 
the  adjoining  rooms  are  kitchens, 
closets,  stuffy  cellars,  galleys,  pantries, 
engine-  and  firerooms,  bilge  or  store-rooms,  as  would  be 
the  case  on  board  ship,  all  the  effluvia  from  these  would 
be  bound  to  pa.ss  into  any  of  the  living  spaces  that  are 
ventilated  after  that  fashion. 

These  facts  would  hold  good  everywhere,  although  a 
ship  is  vastly  different  in  its  material  construction  from 
any  building  on  shore.  A  ship's  bottom  and  sides,  un- 
like those  of  a  house  or  building,  must  practically  be 
made  both  water-  and  air-tight;  hence,  whatever  fresh 
air  gets  into  a  vessel  must  come  from  the  top  side  and 
thence  find  its  way,  as  best  it  can,  to  the  various  parts 
below  It  represents  a  Recknagel's  box  with  its  inside 
air  heated,  but  with  its  partly  open  side  on  top,  instead 
of  at  the  bottom.  Whatever  natural  ventilation  occurs 
in  a  ship  can  best  be  illustrated  by  the  classical  experi- 
ment with  the  unsloppered  bottle.  If  we  lower  a  lighted 
wax  taper  attached  to  the  end  of  a  wire  down  to  the  bot- 
tom of  a  wide-mouthed  bottle,  the  little  flame  will  burn 
brightly  for  a  short  time,  then  grow  gradually  dimmer 
and  dimmer  and  finally  die  out  altogether.  If  we  now 
change  the  conditions  of  our  first  experiment  by  inserting 
a  piece  of  cardboard  into  the  neck  of  the  bottle  so  as  to 
divide  the  cylindrical  opening  into  two  neaiiy  equal 
parts  vertically,  and  now  again  introduce  our  lighted 
taper  to  the  bottom,  it  will  burn  brightly  to  the  end. 
The  heated  air  charged  with  carbon  dioxide  will  ascend 
through  the  neck  on  one  side  of  the  cardboard,  while  a 
current  of  air.  pure  and  cold,  will  descend  on  the  other 
side  of  it  and  support  the  life  of  the  flame.  As  long  as 
the  hot  air  alone  came  through  the  neck,  fresh  air  was 
prevented  from  entering,  and  whatever  little  did  find  its 
way  into  the  bottle  was  returned  before  it  reached  the 
candle  at  the  bottom. 

The  same  principle  is  also  well  illustrated  by  Fig. 
3501.  Here  the  fresh  air  enters  through  the  long  tube  A, 
and  the  foul  air  passes  out  through  the  short  tube  B. 

A  single  central  tube,  being  equivalent  to  a  septum,  will 
answer  the  same  purpose.  In  this  arrangement  the  warm- 
air  current  passes  up  through  the  central  tube,  while  the 
fresh,  cool  current  will  descend  outside  of  the  tubular 
septum.  In  case,  however,  this  central  tube  should  be 
provided  on  top  with  a  hood  which  is  turned  to  the 
wind,  then  the  cold  air  will  pass  down  it  and  the  warm 
air  ascend  around  and  outside  it.  As  long  as  nature  has 
her  choice,  the  column  of  hot  air  will  be  found  to  occupy 
the  centre  and  the  cold-air  currents  will  ai-rive  from  the 
peripiiery .  These  simple  principles  explain  the  method  of 
ventilating  ships  by  ,means  of  wind-sails,  of  no  matter 
what  construction  they  may  be,  through  hatches.  The 
essential  difference  in  the  methods  of  ventilating  houses 


and  ships  is  that,  in  the  former,  fresh  air  can  be  ad- 
mitted, in  fact  presses  in  from  below,  with  the  greatest 
ease,  while  in  the  latter  it  must  first  be  drawn  from 
above  downward,  which  is  a  matter  of  some  difficulty, 
therefore  also  requiring  special  means  for  its  accom- 
plishment. It  should  never  be  drawn  down  at  a  place 
where  it  meets  loith  an  ascending  current  of  warm  air. 
Fresh  air  having  arrived  at  the  lowest  compartment  of 
the  ship,  its  distribution  to  other  parts  of  the  vessel  can, 
of  course,  only  be  effected  on  the  same  principles  and  by 
the  same  means  that  are  employed  in  the  ventilation  of 
houses  on  land. 

After  the  air  has  left  the  ventilating  pipes  and  entered 
the  smaller  compartments  and  living  spaces,  its  further 
distribution  follows  the  laws  of  temperature  and  pressure 
dilferences,  either  existing  naturally  or  being  produced 
artificially.  Whenever  a  ship  happens  to  run  against 
the  wind,  its  inside  temperature  will  be  found  consider- 
ably higher  in  the  after-part  of  the  vessel  than  in  the 
forward  part;  with  the  wind  on  her  side,  the  leeward 
side  will  show  a  higher  temperature  than  the  windward 
side.  These  differences  are  of  course  greater  in  the  in- 
terior of  the  ship  than  on  the  upper  deck. 

These  simple  principles  of  natural  ventilation  would 
not  have  been  dwelled  ou  at  such  length,  were  it  not  that 
daily  experience  has  abundantly  shown  that  an  undue 
lack  of  appreciation  of  them  in  putting  them  into  prac- 
tice is  almost  equivalent  to  entire  ignorance  of  them, 
and  hence  their  having  been  emphasized.  The  problem 
of  ventilating  ships  on  the  best  principles  deserves  our 
most  serious  study  and  devotion. 

Natural-Air  Currents  in  Steamships. — The  student  of 
ships'  ventilation  will  do  well  to  begin  with  familiar- 
izing himself  with  the  movements  of  natural-air  currents 
within  ships  of  different  types,  both  under  varying 
and  under  average  conditions.  In  doing  this,  he  will  at 
first  meet  with  many  rather  startling  surprises.  The 
currents  move  in  quite  unexpected  directions  and  seem 
difficult  to  explain.  Thus,  in  sailing  vessels,  a  number 
of  canvas  wind-sails  are  in  use  (see  Fig.  3502);  these 
wind-sails  are  usually  suspended  from  some  point  high 
above  the  upper  deck  and  have  their  heads  turned  to  the 
wind.  The  air  is  led  down  into  the  deepest  portions  of 
the  ship  by  the  wind  sail  which  passes  straight  down 
through  the  different  hatches  which  are  usually  superim- 
posed. Under  these  conditions,  the  foul  air  rises  outside 
of  the  wind-.sail  to  escape  into  the  open.  When,  however, 
either  by  accident  or  design,  the  open  heads  of  the  wind- 
sails  are  turned  away  from  the  wind,  these  currents  will 
be  found  to  be  exact!}'  reversed,  the  wind-sail  becoming 
an  tiptake  for  the  foul  air  and  the  remaining  space  in  the 
hatch,  outside  the  wind-sail,  becoming  a  down-take  for 
fresh  air.  In  sailing  vessels  the 
temperature  and  pressure  differ- 
ences are,  comparatively  speaking, 
slight  and,  consequently,  a  rather 
trifling  circumstance  suffices  to 
reverse  the  air  currents  within 
them. 

In  a  steamer  of  modern  con- 
struction, such  as  a  cruiser  or  bat- 
tleship, with  enormous  fire-  and 
engine-rooms,  large  steam  pipes 
and  a  number  of  auxiliary  en- 
gines, situated  for  the  most  part 
in  the  middle  or  central  compart- 
ments of  the  ship's  body  and  ra- 
diating considerable  amounts  of 
heat,  air  currents  from  all  parts 
of  the  vessel  would,  under  aver- 
age conditions,  move  in  their  di- 
rection, that  is,  from  the  colder  lower  and  peripheral 
parts  toward  the  warmer  higher  and  central  compart- 
ments. Local  heat-producing  centres  and  open  hatches 
will,  however,  here  also  produce  interference  currents 
which  are  sometimes  difficult  to  explain,  although  per- 
fectly natural  when  traced  to  their  cause.  The  nat- 
ural currents  in  steam  vessels  are  not  so  easily  diverted 


Fig.  3503.— Shows  a  Can- 
vass Wind-sail  of  the 
Ordinary  Pattern. 
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as  those  in  sailing  vessels,  for  reasons  that  must  now 
seem  obvious. 

From  the  consideration  and  study  of  these  normal  air 
currents  in  sliips,  we  derive  one  very  important  lesson 
with  regard  to  the  subject  of  the  artilicial  ventilation  of 
vessels  in  general,  namely :  that  any  air  currents  estab- 
ished  by  artificial  means  and  intended  for  purposes  of 
ventilation  must  be  so  directed  as  to  have  concerting 
rather  than  conflicting  action  with  the  normal  ship's  cur- 
rents. It  must  be  clear  that  the  most  effectual  as  well 
as  tlie  most  economical  plans  for  ventilating  ships  by  ar- 
tificial means,  after  natural  ventilation  has  been  found 
insufficient,  consist  in  providing  means  intended  to  aid 
and  increase  the  ventilating  capacity  of  the  natural  cur- 
rents. 

A  supply  of  fresh  air,  directed  in  separate  air  shafts  to 
the  lower  and  most  peripheral  compartments  of  a  steam- 
ship, would  be  the  first  step  to  be  taken  and  quite  in  har- 
mony with  the  general  principles  of  ships'  ventilation. 
Hollow  masts,  hatches,  engine-  and  flreroom  gratings 
and  chimney  casings,  owing  to  the  high  temperature 
existing  about  these  places  and  the  consequent  tendency 
of  a  strong  upward  current,  would  send  the  foul  air  out 
of  the  ship  without  the  aid  of  any  other  power  directed 
to  effect  this  end.  By  such  a  system  alone  will  it  be 
possible  to  realize  the  nearest  practicable  approach  to 
that  continuous  mass  movement  of  air  so  desirable  in 
artificial  ventilation.  The  air,  fresh  and  cool,  sent  into 
the  extreme  peripheral  parts  of  a  ship  and  starting  from 
these  parts  on  its  way  through  the  ship,  in  a  direction 
converging  toward  the  various  natural  outlets,  would  do 
the  most  efficient  ventilating  work  attainable  and  with- 
out being  turned  back.  Its  flow  can  be  so  graded  that 
there  will  not  be  the  slightest  danger  from  too  great  a 
draught. 

Economy  in  Ventilation. — The  best  principles  of  econ- 
omy in  ventilation  are  met,  when  the  ari'angements  are 
such  that  the  air-contaminating  substances  are  gotten  rid 
of  without  becoming  mixed  with  tlie  incoming  fresh  air. 
The  nearest  possible  approach  to  such  economical  mass 
movement,  in  a  continuous  flow,  which  can  be  realized 
in  the  ventilation  of  a  ship,  is  in  the  vertical  movement 
of  air,  when,  for  instance,  fresh  air  is  admitted  below 
and  foul  air  passes  up  through  hatches  or  other  natural 
vents.  This  condition  clearly  demands  that  the  supply 
of  fresh  air  be  directed  into  the  lowest  and  most  per- 
ipheral compartments  of  a  sliip  through  channels  other 
than  those  operating  as  the  natiu-al  outlets  for  foul  air. 
To  cause  downward  currents  of  fresh  air  through  these 
natural  outlets  of  foul  air,  by  creating  various  degrees  of 
underpressure  in  the  lower  compartments  of  a  sliip, 
through  exhausting  the  air  there,  must,  in  view  of  these 
facts,  be  considered  contrary  to  every  good  principle  in- 
volved in  ships'  ventilation  so  far  considered. 

Different  Methods  of  Ventilation. — ^In  the  words  of 
Woodbridge  ("Lecture  Notes")  "ventilation  is  by  the 
vacuum  or  the  plenum  method  according  as  the  greater 
motive  power  is  in  the  discharge  or  in  the  supply  part  of 
the  system.  That  power  may  be  solely  in  either  one  or 
the  other  of  the  two  parts,  or'it  may  be  shared  between 
them.  Its  predominance  in  the  one  or  the  other  deter- 
mines the  vacuum  or  the  plenum  character  of  the  venti- 
lation." 

Vacuum.  Method. — This  method  causes  a  movement  of 
air  into  an  enclosure  by  creating  a  partial  vacuum  within 
it.  Into  such  an  enclosure  the  air  then  flows  through 
every  available  channel  both  provided  and  accidental. 
From  whatever  points,  therefore,  the  pressure  may  be 
greater  than  in  the  enclosure,  ventilated  by  the  vacuum 
method,  from  thence  it  will  move  toward  that  enclosure. 
Each  such  space,  therefore,  is  more  or  less  at  the  mercy 
of  its  surroundings  and  of  conditions  beyond  the  control 
of  its  occupants.  The  vacuuiu  method  of  ventilation  on 
board  sliip  puts  the  breather  at  the  point  of  discharge  of 
foul  air  and  sends  into  the  living  spaces  specimens  of  air 
from  every  part,  near  or  remote,  whether  filled  with 
good  or  foul  air. 

Plenum  Method. — This  method  puts  each  compartment 


under  a  slight  pressure  and  thus  prevents  leakage  of  air 
from  adjoining  compartments.  It  tends  to  accelerate  the 
flow  of  air  through  natural  outlets  and  gives  the  occu- 
pants control  over  the  source  and  velocity  of  their  air 
supply.  This  method  puts  the  breather  at  the  point  of 
supply  and  consequently  in  position  to  breathe  the  best 
of  air.  It  is  recommended  as  the  best  by  Rubuer,  Kirch- 
ner,  Karl  Schmidt,  Notter,  Harrington,  and  Munson. 
As  it  applies  to  ships,  it  is  more  nearly  a  method  of  re- 
moval than  the  other,  and  this  constitutes  the  highest 
degree  of  efficiency  for  any  ventilating  sj'stem.  We 
have  seen  that  it  answers  to  the  best  principles  of  econ- 
omy. The  method  is  the  one  best  adapted  to  warm  cli- 
mates in  which  men-of-war  spend  at  least  ninety  per 
cent,  of  their  time.  It  will  supply  a  steady  current  of 
fresh  air  to  all  the  compartments  in  the  ship  alike,  and,  by 
tending  to  produce  even  conditions  of  temperature  and 
pressure,  it  will  prevent  currents  and  counter-currents 
between  the  different  enclosures  in  spite  of  free  com- 
munication existing  between  them. 

The  usual  objections  made  to  the  plenum  system  of 
ventilation  are  that  it  gives  rise  to  sensible  draughts  and 
causes  dangerous  colds.  This  is  very  true  for  houses  in 
a  cold  northern  climate  witli  a  temperature  difference  be- 
tween inside  and  outside  air  of  from  60°  to  70°  F.  and  in 
which  the  air  coming  into  the  rooms  is  not  sufficiently 
warmed.  These  dangerous  draughts  of  northern  climates 
can,  however,  not  be  taken  into  account  when  designing  a 
ventilating  system  for  a  ship  of  which  it  is  known  be- 
forehand that  it  will  spend  ninety  per  cent,  of  its  time  in 
the  tropics.  We  heat  the  air  by  artificial  means  in  our 
northern  climates  before  admitting  it  into  the  living 
rooms,  in  order  to  enable  us  to  take  in  a  larger  supply  of 
it  without  becoming  sensible  of  it.  But,  in  the  tropics, 
as  must  be  evident,  we  need  not  resort  to  such  artificial 
means  of  heating  the  incoming  air  in  order  to  diminish 
existing  temperature  differences,  and,  consequently,  the 
dangers  due  to  sensible  draughts.  Ventilation  here 
must,  on  tlie  contrary,  be  designed  for  the  double  pur- 
pose of  having  a  cooling  as  well  as  a  ventilating  effect. 
Besides,  a  dry  atmosphere  of  low  temperature  is  here 
borne  with  greater  ease  and  comfort  than  a  moist  atmos- 
phere with  a  high  temperature,  on  account  of  physical 
heat  regulation  being  more  prominently  active  in  the 
warmer  climates  than  in  the  colder  climates.  It  is  the 
common  experience  of  hygienists  and  sanitarians  that  air 
currents  of  a  temperature  and  velocity  pronounced  dan- 
gerous in  nortliern  climates  must  be  considered  well 
within  the  range  of  perfect  safety  in  ships  cruising  in 
the  tropics.  An  efficient  supply  of  air  to  the  lower 
decks  of  a  ship  in  the  tropics  reLveiy,  if  ever,  gives  rise  to 
a  dangerous  draught  or  even  a  noteworthy  feeling  of 
discomfort.  The  colds  are  general^  caught  on  deck 
while  the  men  are  asleep  in  an  exposed  part  of  the  ship. 
Many  people  fear  draughts,  and  attribute  to  this  cause 
not  only  all  the  colds  they  catch  but  also  all  their  other 
ills  into  the  bargain.  Some  are  so  acutely  sensitive,  es- 
pecially within  doors,  that  they  feel  air  currents  that  are 
beyond  being  measured  by  tlie  most  delicate  instruments 
of  precision.  The  same  people  will  sit  out  of  doors, 
where  the  air  moves  at  the  rate  of  10  metres  a  second, 
without  either  complaint  or  harm. 

Of  one  tiling  I  am  daily  growing  more  assured,  namely : 
that  the  limits  to  tlie  velocity  of  air  currents,  given  "in 
works  on  ventilation,  for  houses  and  buildings,  do  not 
apply  to  ships.  To  live  on  board  ship  is  more  like  living 
out  of  doors  than  living  within  a  room. 

Air  currents  that  would  be  both  disagreeable  and  dan- 
gerous in  rooms  of  houses  on  land  are  still  borne  with 
comfort  and  without  danger  on  board  ship  ;  hence,  also,  a 
much  larger  supply  of  fresh  outside  air  can  be  provided 
for  in  the  case  of  ships  than  in  that  of  houses  aud  build- 
ings on  land  without  overstepping  the  safety  limits. 

Dilution,  or  Removal  in  VeJitilation. — The  ideal  aim  of 
any  ventilating  system,  in  theory  at  least,  must  be  the 
getting  rid  of  the  foul  air  in  an  enclosure  and  the  replac- 
ing it  with  fresh  air,  without  the  two  becoming  mixed. 
In  practice,  however,  and  as  Rubner  has  long  since 
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pointed  out,  we  are  obliged  to  tal^e  the  air  for  inspiration 
from  the  same  reservoir  into  whicii  we  send  our  expira- 
tory air.  It  would,  therefore,  seem  impossible  for  any 
ventilating  system  to  separate  the  one  from  the  other,  and 
all  ventilation  must,  accordingly,  proceed  after  the  man- 
ner of  a  process  of  dilution  and  be  so  arranged  as  to  keep 
the  enclosed  air  from  reaching  a  composition  very  much 
different  from  the  outside  air. 

According  as  to  wliether  we  remove  the  foul  air  and 
replace  it  with  fresh  air  without  the  two  becoming  mixed, 
or  whether  we  maintain  in  the  air  of  an  enclosure  a  com- 
position not  dangerously  far  from  that  found  outside  by 
the  constant  and  continuous  introduction  of  fresh  air,  we 
may  be  said  to  ventilate  either  by  the  method  of  removal 
or  by  that  of  dilution.  The  removal  method  reaches  its 
maximum  applicability  and  efficiency  in  such  cases  as 
the  fireplace,  the  chemical  hood,  the  kitchen  range  bon- 
net, and  tlie  blacksmith's  forge.  The  nearest  practicable 
approach  to  this  method  on  shipboard  is  effected  by  the 
escape  of  foul  air  through  an  open  hatch.  Whenever 
and  wlierever  air  is  warmed  in  transit,  as  it  is  in  steam- 
ships in  passing  from  the  cooler  peripheral  compartments 
toward  the  warmer  central  ones,  economical  and  effectual 
escape  of  foul  air  occurs  by  an  upward  movement  through 
a  hatch.  The  foul  air,  under  such  circumstances,  makes 
a  direct  escape  into  the  open  and  does  not  return  to  mix 
with  the  incoming  fresh  air,  providing,  of  course,  the 
proper  outlets  are  free  and  unobstructed  and  it  meets  or 
passes  no  compartment  on  its  way  in  which  underpress- 
ure exists.  In  such  ventilation,  economy,  efficiency,  and 
excellence  reach  their  maximum.  What  the  chemical 
hood  is  to  the  laboratory,  what  the  range  bonnet  is  to  the 
kitchen,  that  the  vertical  foul-air  shaft  or  hatch  is  to  the 
ventilation  of  a  ship.  Providing  the  proper  number  of 
fresh-air  inlets  has  been  piovided  and  distributed  in  such 
a  manner  as  to  allow  the  incoming  air  to  do  the  most 
effectual  ventilating  work,  such  would  be  the  natural 
air  currents  on  board  every  ship  of  the  type  represented 
in  the  above  description. 

Would  any  one  with  the  full  knowledge  and  appre- 
ciation of  these  principles  of  natural  ships'  ventilation 
choose  a  ventilating  system  at  variance  with  them?  Let 
us  confess  that  it  would  be  difficult  for  any  one  to  believe 
that  such  a  one  exists.  Ventilation  by  natural  means 
having  been  found  insufficient,  let  us  without  hesitation, 
and  basing  our  arguments  upon  the  above  grounds,  put 
the  fresh  air  directly  where  it  is  most  needed,  place  our 
power  on  the  supply  side  of  our  system  and  thus  give  it 
the  plenum  character;  let  us  aid  rather  than  antagonize 
natural  curi'ents,  and  we  shall  have  the  satisfaction  of 
coming  nearer  to  a  perfect  method  of  ventilating  a  ship 
than  by  any  other  known  means. 

Perflation  signifies  a  blowing  through.  When  the 
wind  moves  across  the  deck  of  a  ship  that  has  its  ports 
open  on  both  sides,  as  is  sometimes  the  case  on  the  decks 
that  are  above  the  water  line  in  fine  smooth  seas  with 
light  winds,  such  decks  maj^  be  said  to  be  ventilated  by 
perflation.  No  method  of  either  natural  or  artificial  ven- 
tilation is  comparable  to  this  in  the  volume  of  air  moved 
and  in  the  ventilating  effect  produced.  It  should,  there- 
fore, be  taken  advantage  of  and  used  at  everj'  favorable 
opportunity  that  offers  itself  for  the  purpose  of  directly 
aerating  parts  of  ships  not  generally  accessible  to  such 
direct  ventilation. 

Relation  bctireen  Size  of  Hatches  and  Tonnage  of  Sliips. — 
Notwithstanding  the  great  importance  of  the  hatches  in 
their  relation  to  the  ventilation  of  the  interior  of  ships, 
there  seem  to  exist  no  fixed  rules  for  a  definite  relation 
between  the  square  area  of  them  and  the  tonnage  of  ves- 
sels which  the  constructor  is  bound  to  follow.  Thus, 
Rochard  and  Bodct  mention  several  very  striking  in- 
stances, illustrating  this  very  important  point,  as  existing 
in  the  French  navy:  L' Ocean  of  the  French  navy  has 
hatches  of  a  total  square  area  of  64'"'^  40  and  a  displace- 
ment of  8,000  tons.  The  Forbin  has  only  one-fourth  of 
the  displacement  of  the  Ocean,  while  her  hatches  have  but 
one-tenth  of  the  square  area  of  that  vessel.  The  Hoche 
displaces  nearljr  one-third  more  than  the  Ocean  but  her 


spardeck  hatches  have  a  square  area  of  only  one-half  that 
of  the  Ocean.  A  number  of  similar  instances  could  be 
cited  concerning  ships  in  the  American  navy  and  show- 
ing the  same  lack  of  proper  relation  between  the  square 
area  of  the  hatches  and  the  tonnage,  but  the  above  exam- 
ples suffice. 

Nor  are  the  number,  size,  and  location  of  these  hatches 
and  their  relation  to  each  other  on  the  different  decks  of 
the  .same  vessel  matters  of  minor  importance  to  the  in- 
terests of  the  ventilation  of  the  vessel.  Thus,  superim- 
posed hatches  favor  the  natural  ventilation  of  the  lower 
compartments,  while  alternating  hatches  favor  the  circu- 
lation of  air  through  the  'tween-deck  compartments. 
The  location  of  a  hatch  often  determines  its  function  as 
an  up  take  for  foul  air  or  a  down-take  of  fresh  air.  Tur- 
rets, railings,  and  other  obstacles  in  the  waj'  toward 
hatches  and  ventilators  divert  a  large  quantity  of  air, 
preventing  it  from  going  into  the  ship.  Moreover,  with 
the  wind  ahead,  the  forward  compartments  are  the  best 
ventilated,  the  hatches  in  this  part  becoming  inlets, 
while  the  after-ones  become  outlets.  The  velocity  of  a 
head  wind  is  increased  by  the  speed  of  the  vessel,  so  far 
as  its  ventilating  eitect  is  concerned.  The  opposite  is 
true  for  a  wind  going  in  the  same  direction  as  the  vessel. 
With  the  wind  on  either  side,  the  best  ventilating  work 
is  done  by  perflation. 

Wooden  gratings  with  which  hatchways  and  air-shafts 
are  covered  reduce  the  area  for  ventilating  purpo.ses 
three-fourths  of  their  capacity.  Perforated  iron  gratings 
are  recommended  and  come  into  use  more  and  more,  be- 
cause they  have  been  found  superior  to  wooden  ones. 
Thus,  simple  hexagonal  openings  in  iron  plates  in  which 
the  arms,  separating  the  oijcnings,  are  just  one-half  the 
width  of  the  openings  themselves,  decrease  the  ventilat- 
ing capacitj^  by  only  one-half  instead  of  three-fourths. 

Ventilation  is  not  equally  important  to  all  compart- 
ments, and  from  this  point  of  view  they  have  been  di- 
vided into  four  classes: 

1.  There  are  the  cells  of  the  double  bottoms.  These 
are  rarely  opened,  and  whenever  opened  for  inspection 
they  are  never  entered  without  the  air  enclosed  within 
them  being  changed  by  means  of  portable  ventilators. 
Their  influence  iq^on  the  hj'giene  of  the  vessel  is  practi- 
cally nil. 

2.  There  are  the  various  storerooms  for  cordage  and 
sails,  p7'ovisions  and  clothing,  water,  ammunition,  en- 
gineer's stores  and  others.  In  these  it  is  only  necessary 
that  the  air  should  not  absolutely  stagnate. 

3.  The  'tween-deck  compartinents  that  are  inhabited 
by  the  crew  are,  of  course,  of  the  greatest  importance 
and  ventilation  here  must  be  ample,  safe,  and  constant. 

4.  The  various  workshops,  engine-  and  flrerooms  in 
which  men  stand  watch  or  are  kept  at  Avork  for  stated 
periods  night  and  day.  The  rooms  in  which  are  located 
the  steering,  pumping,  hydraulic,  circulating,  and  con- 
densing engines,  and  which  in  protected  cruisers  and 
battleships  are  found  below  the  protective  deck,  need  a 
sure  and  steady  air  supply.  Ventilation  of  these  places 
has  the  double  purpose  of  cooling  the  air  as  well  as  re- 
newing the  oxygen.  Inlets  in  these  compartments 
should  be  distributed  all  around,  in  order  to  avoid  the 
dangerous  effects  that  would  be  produced  by  a  single 
strong  current. 

Sources  of  Contamination  of  the  Ship's  Air. — The  com- 
position of  the  air  onboard  ships  of  war  is  influenced: 
(1)  By  human  life  and  activity;  (2)  by  various  nuisances 
of  an  industrial  origin ;  (3)  by  the  bilge  water. 

1.  Human  life  and  activity  change  both  the  physical 
and  the  chemical  composition  of  an  atmosphere  in  several 
ways,  namely :  («)  they  take  from  it  oxj^gen  and  replace 
the  same  with  carbon  dioxide ;  (b)  they  Increase  its  hu- 
midity ;  (e)  they  add  to  its  temperature. 

From  the  physical  side,  the  processes  of  life  have  been 
likened  to  the  phenomena  commonly  observed  about  a 
steam-engine.  Neither  animal  life  nor  steam-engines  can 
be  kept  going  without  food  or  fuel;  both  do  a  definite 
amoimt  of  work,  the  energy  for  which  is  derived  from 
the  oxidation  or  combustion  of  substances  put  inside  of 
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them,  and  both  produce  certain  effete  end-products  that 
are  similar,  namely:  carbon  dioxide,  water,  heat,  and  the 
various  products  of  excretion  (ashes). 

An  efficient  ventilation  to  an  overcrowded  ship  is  as 
necessary  and  has  the  same  significance  as  forced  drauglit 
for  a  furnace  overloaded  with  coal.  A  deficient  ventila- 
tion is  attended  by  the  elimination  of  a  series  of  products 
that  are  not  normally  present  in  either  expired  air  or  per- 
spiration; to  this  class  of  compounds  belongs  the  anthro- 
potoxin  of  Brown-Sequard.  These  poisonous  substances, 
produced  under  the  iufiuence  of  a  deficient  ventilation, 
may  well  be  compared  to  the  products  of  an  incomplete 
combustion  produced  in  a  furnace  and  consisting  of  both 
invisible  poisonous  gases  and  visible  smoke.  Since  a 
state  of  overcrowding  must  be  looked  upon  as  the  nor- 
mal condition  of  life  on  a  warship  and  as  a  necessary 
accompaniment  of  all  activity  there,  an  efticient  ventila- 
tion on  board  a  ship  becomes  a  much  more  serious  prob- 
lem than  on  shore. 

If  we  assume  with  Rochard  and  Bodet  that,  under  nor- 
mal conditions,  a  man  with  his  respiration  vitiates  1 
cubic  metre,  or  about  36  cubic  feet,  of  air  in  one  minute, 
he  vitiates  in  one  hour  60  cubic  metres,  in  twelve  hours 
7,200  cubic  metres.  A  group  of  500  men,  the  usual 
number  on  board  a  battlesliip,  would  then  vitiate  in 
twelve  hours  360,000  cubic  metres,  or  about  12,960,000 
cubic  feet.  Such  a  group  of  men  living  in  a  space  of 
2,500  cubic  metres  capacity  would  vitiate  their  available 
air  quantum  150  times,  and,  to  keep  it  pure  and  within 
respirable  limits,  it  would  need  to  be  renewed  12.5  times 
per  hour.  How  overcrowding  increases,  apparently  in 
geometrical  progression,  the  carbon  dioxide,  organic 
matter,  and  the  number  of  germs  in  an  atmosphere  is 
shown  by  Carnelley,  Haldane,  and  Anderson  (Kirchner) 
in  the  following  table: 


Table  I. 


Living  in — 

Carbon  dioxide. 
Per  minute. 

Organic  matter. 
I'er  minute. 

Number  of 
germs. 
Per  litre. 

One  room  

1.12 

0.01.57 

60 

Two  rooms  

.99 

.0101 

46 

.77 

.0015 

9 

No  wonder  that  the  mortality  tables  show  a  corre- 
sponding increase.  People  living  in  one  room  show  a 
mortality  of  23.3;  those  living  in  two  rooms  a  mortality 
of  18.8,  and  those  living  in  three  rooms  17.2,  while  those 
who  live  in  four  or  more  rooms  have  a  mortality  of  only 
12.3  per  cent,  out  of  a  general  mortality  of  20.7  per  cent. 
These  conditions  are  directly  applicable  to  life  on  board 
ship. 

But  human  life  and  activity  add  also  heat  and  moisture 
to  the  atmosphere.  An  adult  man  produces  in  his  body 
in  twenty -four  hours  2,300  large  calories,  an  amount  of 
heat  sufficient  to  increa.se  the  temperature  of  23  litres  of 
water  from  0"  to  100°  C.  Through  the  skin,  by  evapor- 
ation, he  lo.ses  from  600  to  2,400  c.c.  of  water  in  twenty- 
four  hours,  the  exact  amount  depending  upon  the  temper- 
ature, relative  humidity,  and  the  amount  of  movement 
of  the  atmosphere  surrounding  him.  This  would  corre- 
spond to  a  heat  loss  of  from  343,320  to  1,373,280  calories. 
The  total  heat  less  is  distributed  as  follows: 


Table  II. 


von  Helmholtz. 
Per  cent. 

Vierordt. 
Per  cent. 

ThroHgti  bowels  and  kidneys.  

77..5 
19.9 
2.9 

86.9 
11.1 
2.0 

2.  Industrial  nuisances.  The  modern  battleship  may 
be  said  to  combine  within  its  sides  all  the  varied  indus- 
tries  of  a  manufacturing  town  pressed  into  the  smallest 
possible  space  with  all  its  accompanying  nuisances  in  a 


concentrated  form ;  the  principal  ones  among  them  being 
those  which  come  from  the  ehgine-  and  firerooms,  in  the 
form  of  gases,  heat,  and  moisture.  The  products  of  in- 
complete combustion  of  coal  may  find  their  way  into  liv- 
ing spaces  through  processes  of  diffusion  or  the  wrong 
kind  of  ventilation  such  as  the  vacuum  method.  Heat 
may  accumulate  owing  to  faulty  construction  or  imper- 
fect covering  of  heat-radiating  surfaces  in  certain  living 
spaces,  close  to  engines  and  steam  pipes.  Steam  escapes 
more  or  less  constantly  from  imperfect  or  worn-out 
joints.  The  mean  loss  of  water  from  escape  of  steam 
through  pipes  alone  in  a  modern  protected  cruiser  has 
been  estimated  to  be  about  four  tons  daily.  Plumert 
mentions  a  case  of  poisoning  witli  carbon  monoxide  which 
occurred  in  one  of  the  compartments  of  a  torpedo  boat,  and 
which  shows  how  dangerous  gases  may  be  diverted  and 
get  into  living  spaces.  A  hole  was  bored  through  one  of 
the  bulkheads  separating  the  smoke-room  from  the  living 
spaces,  for  the  purpose  of  laying  electric  wires,  and 
through  this  small  opening,  the  carbon  monoxide  had 
made  its  way  from  the  smoke-room  to  the  men.  In  an 
empty  ammunition  room  which  had  remained  closed  up 
for  some  time  on  board  the  Sachseri,  Giirtner  found  up  to 
51  parts  per  1.000  of  carbon  dioxide.  The  men  who  en- 
tered this  compartment  became  suddenly  asphyxiated. 

3.  The  bilge  is  a  constant  source  of  air  contamination. 
This  fluid  accumulates  perpetually  near  the  keel,  along 
the  bottom  of  the  verj^  lowest  compartment  of  a  ship 
and  corresponds  to  the  ground  water,  surface  water,  or 
sewage  of  our  buildings  on  laud.  It  is  sea  water  mixed 
with  the  off-fall  from  all  sorts  of  cargo,  provisions,  wash 
water,  coal,  a.shes,  grease  from  machinerjr,  dead  rats,  the 
organic  matterfrom  everything  living  in  the  sea,  in  short 
a  portion  of  everything  that  finds  its  way  sooner  or  later 
into  ships,  will  gravitate  finally  into  the  bilge. 

In  iron  ships  the  sea  water  comes  in  through  the  shaft 
alley  alone,  while  in  wooden  ships  it  may  at  times  press 
in  through  every  seam  below  the  water  line.  The  bilge 
is  therefore  less  abundant  in  the  former  than  in  the  lat- 
ter. Dr.  Nocht  found  from  3,000  to  15.000,000  germs 
in  1  c.c.  of  bilge  water.  PYirmentation  is  very  naturally 
the  normal  condition,  and  the  gases  constantly  produced 
pass  either  into  the  ship's  atmosphere  or  accumulate 
within  spaces  not  ordinarily  included  in  the  general  at- 
mospheric circulation.  The  farther  away  we  pass  from 
the  keel  of  a  ship,  the  higher  we  ascend  the  ship's  ladder, 
the  purer,  the  drier,  and  the  cooler  becomes  its  atmos- 
phere. 

Besides  the  above-described  sources  of  contamination 
there  are  others  which  are,  however,  not  remedied,  as  are 
these,  by  an  efficient  ventilation,  and  hence  they  were 
not  included  in  the  above  enumeration.  These  are  dirty 
personal  habits  and  dirty  clothes  as  well  as  a  dirty  ship. 
Nothing  short  of  water,  soap,  the  brush,  and  strenuous 
work  will  reach  these. 

Influence  of  Vitiated  Air  on  Human  Life. — There  is, 
besides  sudden  death  due  to  asphyxia  from  the  inhala- 
tion of  air  overcharged  with  carbon  dioxide,  a  processor; 
slow  dying,  due  to  living  in  badly  ventilated  i-ooms,  wliicli 
is  not  so  clearly  and  so  generally  recognized  nor  so  direct- 
ly and  clearly  traceable  to  its  cause.  Non-medical  obser- 
vers and  the  victims  themselves  do  not  realize  the  causal 
connection  between  bad  ventilation  and  this  condition; 
hence  also  the  lack  of  complaints  with  regard  to  poor 
ventilation  from  that  source.  The  usual  and  immediate 
effects  of  breathing  foul  air  are  pallor  of  the  skin,  dis- 
tui'bances  of  digestion,  impairment  of  assimilation,  loss 
of  muscular  and  mental  vigor,  and  a  tendency  to  physical 
break-down  and  disease.  The  difference  in  the  comj^lex- 
ion  between  the  deck-hands  and  the  fire- and  engine-room 
men  on  board  a  man-of-war  may  well  be  seen  at  a  mus- 
ter, when  the  two  classes  of  men  are  drawn  up  in  line  on 
opposite  sides  of  the  deck  of  the  ship.  On  one  side  you 
may  see  the  ruddy  and  rosy  faces  of  the  deck-hands,  on 
the  other  the  pale,  sallow  features  and  sunken  eyes  of 
the  men  who  work  below. 

Anthropotoxins  in  Air. — Determinations  of  carbon  di- 
oxide often  fail  to  give  information  in  all  respects  satis- 
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factory  as  regards  the  degree  of  atmospheric  contami- 
nation, and  an  air  must  often  be  pronounced  unfit  for 
respiration,  especially  on  board  ship,  before  either  lack 
■of  oxygen  or  the  undue  accumulation  of  carbon  dioxide, 
and  even  watery  vapor  can  be  accused  of  being  the 
causes  thereof. 

What  exactly  these  poisonous  substances  are  and 
wlience  they  originate,  what  their  nature  and  chemical 
composition  may  be,  we  do  not  as  yet  know  with  cer- 
tainty. In  their  effects  they  are  like  poisons.  Since 
they  are  known  especially  to  accumulate  in  places  over- 
crowded by  human  beings,  an  exact  knowledge  of  their 
origin  and  composition  would  be  of  great  interest  to 
naval  hygiene. 

Brown-Sequardand  d'Arsonvalonce  believed  that  they 
had  discovered  in  stagnant  expired  air  a  toxic  alkaloid 
which,  consequently,  they  named  anthropotoxin,  and 
which,  indeed,  when  injected  under  the  skin  of  mice, 
killed  them  within  a  few  hours.  Rauer  repeated  but  did 
not  confirm  the  experiments  of  Brown-Sequard.  The 
problem  has  recently  been  taken  up  again  by  Pormanek 
{ArcMv  f.  Hygiene,  Bd.  xxxviii..  Heft  1),  who  makes  it 
appear  likely  that  the  problematic  substance  is  an  am- 
monia compound,  not  so  much  the  result  of  the  decom- 
position of  expired  air  as  it  is  of  the  decomposition  of 
urine,  faeces,  and  of  the  buccal  contents  of  the  animals 
experimented  on.  He  concludes  that  the  distress,  the 
nausea,  and  the  fainting  fits  which  occur  in  overcrowded 
enclosures  under  poor  ventilation  cannot  be  attributed 
to  a  single  and  always  uniform  factor.  It  seems,  there- 
fore, tliatFormanek  likewise  has  failed  to  confirm  the  re- 
sults of  Brown-Sequard  and  d'Arsonval.  According  to 
the  experiments  of  Lubbert  and  Peters  on  guinea-pigs, 
the  poison,  if  it  exists  at  all,  is  not  an  organic,  that  is, 
not  a  carbon-containing  or  combustible  substance.  Wolf- 
hiigel  insists  that  it  is  not  contained  in  normal  but  always 
only  in  stagnant  and  decomposed  expired  air.  The  pres- 
ence of  a  well-defined,  well-characterized  chemical  poison 
in  bad  air  would  form  one  of  the  most  convenient  means 
of  determining  the  degree  of  its  contamination.  Such  a 
substance  is  as  yet  unknown.  Nor  is  it  definitely  known 
whether  these  substances  do  their  harm  through  being 
inhaled  or  whether  their  presence  in  the  atmosphere  sim- 
ply inhibits  the  further  elimination  of  them  from  our 
bodies,  and  thus  gives  rise  to  poisoning  by  the  retention 
of  an  excretory  product.  Certain  it  is,  according  to 
Rubner,  Seegen,  and  Nowak, 
that  when  animals  are  kept  in 
closed  spaces,  in  which  care  is 
taken  to  remove  the  expired 
carbon  dioxide  and  to  re-sup- 
ply the  used-up  oxygen,  the 
animals  nevertheless  succumb 
after  a  time. 

Estimation  of  the  Qualiiy  of 
Air. —  Since,  as  we  have  just 
seen,   chemistry  has   as  yet 


Fig.  3503.— Eepresents  the  Liinge-Zeokendorf  Carbon-iDioxide  .Ap- 
paratus.   (From  Kirclmer.) 

failed  to  find  a  convenient  chemical  compound  in  the 
air  by  the  determination  of  which  we  might  standardize 
a  normal  atmosphere,  we  must  resort  to  less  direct  meth- 
ods. Experience  seems  to  hold  the  chemical  determina- 
tion of  the  amount  of  carbon  dioxide  as  the  most  reli- 
able method  for  estimating  the  quality  of  a  specimen  of 
air.  The  method  for  the  determination  of  the  amount 
of  organic  matter  in  air  with  potassium  permanganate 
has  been  found  very  inaccurate  by  Archarow  and  Em- 


merich, and  the  method  proposed  by  Rietschel,  of  using 
the  temperature  as  an  indicator  of  the  degree  of  contam- 
ination of  the  air,  could  hardly  find  application  on  board 
ships  which  produce  heat  in  such  enormous  amounts 
as  do  the  modern  battleships  and  protected  cruisers. 

Determination  of  Carbon  Dioxide  in  Air. — It  is  known 
that  barium  oxyhydrate  combines  with  CO2  according  to 
the  formula,  Ba(0n)2  +  CO2  =  BaCOa  +  H.,0.  Petten- 
kofer  proceeds  as  follows:  A  bottle  containing  5  litres 
of  the  air  to  be  examined  receives  50  c.c.  of  baryta  water. 
After  thorough  shaking  and  allowing  to  stand  for  a  few 
minutes,  all  the  CO2  that  was  in  the  air  of  the  bottle  is 
now  supposed  to  have  combined  with  the  barium  oxy- 
hydrate. The  uncombined  barium  is  now  converted 
into  an  oxalate  according  to  the  formula :  C2O4H2  +  Ba- 
(0H)2  =  C204Ba-}-2H20.  From  this  theamount  of  CO2 
in  the  specimen  of  air  may  easily  be  computed.  Although 
accuracy  is  decidedly  in  favor  of  Pettenkofer's  method 
with  baryta  water,  other  considerations  will  sometimes 
cause  us  to  sacrifice  accuracy  and  to  decide  in  favor  of 
another  method  on  account  of  its  convenience.  Several 
methods  of  this  kind  have  been  published  recently. 
Thus,  "  A  Rapid  Method  of  Determining  Carbonic  Acid 
in  Air  "  has  appeared  in  a  recent  number  of  the  Jovrital 
of  Hygiene  (University  Press,  Cambridge,  England)  by 
John  Haldane.  The  apparatus,  neatly  fixed  in  a  wooden 
portable  box,  represents  a  simple  form  of  Haldane's  gas 
analysis  apparatus;  it  is  so  arranged  that  the  CO2  is  ab- 
sorbed by  a  potash  solution.  The  final  reading  indicates 
the  parts  of  CO2  contained  in  10,000  parts  of  air.  The 
whole  observation  can  be  made  in  five  minutes.  Lunge 
(see  Fig.  3503)  ("Zur  Frage  der  Ventilation,"  Zurich, 
1877)  uses  a  bottle  of  50  c.c.  capacity,  closed  by  a  double 
perforated  cork  and  containing  7  c.c.  of  a  6  to  1,000  bary- 
ta solution.  Through  one  of  the  holes  in  the  cork  a  long 
glass  tube  reaching  to  the  bottom  of  the  bottle  is  intro- 
duced ;  the  outer  end  of  this  tube  is  closed  with  a  piece 
of  r>ibber  tubing  and  a  clamp.  The  second  hole  in  the 
cork  is  provided  with  a  short  tube,  the  outer  end  of  which 
is  connected  with  a  bulb.  This  rubber  bulb  has  a  slit 
which  serves  the  purpose  of  a  valve,  permitting  the  air  in 
the  bulb  to  be  pressed  out  without  going  into  the  bottle, 
but  not  to  re-enter  the  bulb,  except  with  the  air  that 
passes  through  the  baryta  water  in  the  bottle  by  way  of 
the  long  tube.  To  tliis  end  the  clamp,  of  course,  is  taken 
off.  The  bulb  having  a  capacity  of  25  c.c.  the  air  quan- 
tum, sent  through  the  baryta  water,  can  be  easily  esti- 
mated. When  tlie  test  is  made,  the  air  is  drawn  through 
the  bottle  until  a  lead-pencil  mark  on  the  side  of  the  bot- 
tle, opposite  the  eye  of  the  observer,  becomes  invisible 
through  its  contents.  The  table  below  gives  the  values. 
To  the  ninnber  of  fillings  must  be  added  two  volumes 
representing  the  capacity  of  the  bottle. 

Table  III. 


Number  of 

Volumes 

Number  of 

Volumes 

fillings. 

per  10,000. 

fillings. 

per  10,000. 

4 

23.0 

8 

11.0 

5 

17.6 

9 

9.8 

6 

14.8 

10 

8.8 

7 

12.6 

11 

8.0 

This  method  has  more  recently  been  greatly  improved 
bj'  Lunge  and  Zeckendorf  (Zeitsehrift  f.  angewandte 
Ghemic,  1888,  Heft  14,  and  1889,  Heft  1).  Instead  of 
baryta  water,  a  decinormal  solution  of  soda  is  used. 
To  1  litre  of  the  solution  there  is  added  0.1  gm.  of 
phenolphthalein  which  colors  the  solution  dark  blue. 
Two  cubic  centimetres  of  this  solution  are  mixed  with 
100  c.c.  of  air-free  distilled  water.  The  empty  bottle 
is  now  filled  with  the  air  to  be  examined  and  10  c.c.  of 
the  dilute  solution  are  added.  The  bulb  is  now  worked 
once  and  the  bottle  shaken  for  a  minute.  This  proc- 
ess is  repeated  until  the  color  of  the  fluid  has  changed 
from  blue  to  yellow. 

The  values  maj'  be  seen  in  the  next  table : 
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Table  IV. 


Number  of 

Volumes 

Number  of 

Volumes 

tlllings. 

per  1,000. 

fillings. 

per  1,000. 

48 

0.3 

8 

1.3 

35 

.4 

7 

1.4 

27 

.5 

6 

1.5 

21 

.6 

5 

1.8 

17 

.7 

4 

2.1 

10 

.9 

3 

2.5 

9 

1.0 

2 

3.0 

More  recently  still  a  neat  and  liandy  method  similar  to 
the  preceding,  and  based  on  practically  the  same  princi- 
ples, has  been  devised  by  Dr.  G.  W.  Fitz.  This  method 
is  carried  out  by  shaking  a  small  quantity  of  dilute  lime 
water,  colored  piuk  with  phenolphthalein,  with  succes- 
sive portions  of  air  until  the  solution  is  decolorized. 
The  metliod  has  of  late  been  made  still  more  practicable 
by  Woodman  and  Richards  {Technology  Quarterly,  vol. 
XIV.,  No.  2,  June,  1901).  Since  I  have  used  this  method 
quite  a  little  and  have  found  it  to  answer  every  purpose 
on  board  ship,  being  easy  of  application,  also  sufBcientlj^ 
accurate,  a  detailed  description,  given  by  Woodman  and 
Richards,  will  here  follow: 

Description  of  Metlwcl  of  Using  the  Shaker  for  Determin- 
ing the  Amount  of  Carhon  Dioxide  in  the  Air. — "The 
method  of  preparation  of  the  solutions  and  the  manner 
of  making  the  tests  which  have  been  foimd  to  give  the 
best  results  will  be  described  in  detail,  since  experience 
has  shown  that  these  directions  cannot  be  too  minute. 

Preixiration  of  the  Test  Solution. — The  solution  used 
is  a  dilute  solution  of  lime  water  colored  witli  phenol- 
phthalein. To  freshly  slaked  lime  add  twenty  times  its 
weight  of  water  in  a  bottle  of  such  size  that  it  is  not 
more  than  two-thirds  full.  Shake  the  mixture  contin- 
uously for  twenty  minutes,  and  then  allow  it  to  settle 
over  night  or  until  perfectly  clear.  The  resulting  solu- 
tion is  the  stock  lime  solution,  or  '  saturated  lime  water.' 
If  made  in  the  manner  indicated,  each  cubic  centimetre 
of  it  ought  to  be  very  nearly  equivalent  to  1  mgm.  of 
carbon  dioxide.  If,  however,  it  is  desired  to  know  the 
.strength  of  it  more  exactly,  it  may  be  determined  by 
standard  acid. 

"  To  prepare  the  'test  solution,'  pour  into  the  1-litre 
bottle  of  the  testing  apparatus  one  measured  litre  of  dis- 
tilled water,  and  add  5c.c.  of  solution  of  phenolphthalein 
(made  by  dissolving  0.7  gm.  of  phenolphthalein  in  50c.c. 
of  alcohol  and  adding  an  equal  volume  of  water).  Stand 
tlie  bottle  on  a  sheet  of  white  paper  and  add  the  '  satu- 
rated lime  water, '  drop  by  drop  from  a  pipette,  shaking 
the  bottle  tlioroughly  after  each  addition,  until  a  faint 
pink  color  is  produced  which  is  permanent  for  one  min- 
ute. Now  add  12.6  c.c.  of  the  'saturated  limewatei-, ' 
shake,  and  immediately  connect  the  bottle  again  to  the 
apparatus. 

Table  A. 


Standard 

test 
solution. 

CO2 
in  10,000. 

Cubic 
centimetres 
of  air. 

"Half 
solution." 

in  10,(XI0. 

Standard 

test 
solution. 

CO2 
in  10,000. 

Cubic 
centimetres 
of  air. 

"  Half 
solution." 

CO2 
in  10,000. 

22.3 

.50 

15.6 

S.9 

370 

4.1 

18.0 

70 

13.4 

5.6 

290 

3.95 

15.1 

90 

10.2 

5.4 

310 

3.8 

13.0 

110 

8.7 

5.1 

330 

3.7 

11.3 

130 

7.5 

4.8 

3.50 

3.6 

9.9 

150 

6.6 

4.7 

370 

8.8 

170 

5.8 

4.5 

390 

8.0 

190 

5  2 

4.4 

410 

7.3 

210 

4[8 

4.3 

450 

6.8 

330 

4.5 

4.0 

490 

6.3 

2.50 

4.3 

3.9 

530 

"  To  shorten  the  time  required  in  testing  air  which  is 
low  in  carbon  dioxide,  it  may  be  found  advantageous  to 
use  a  solution  only  half  as  strong  as  the  above.  This 
'half  solution  '  is  prepared  in  precisely  the  same  way, 
Voi>.  VI.— 11 


Fig.  3.504.— The  Fitz 
Shaker,  Full  Size. 
(From  Woodman  and 
Richards.) 


using  2.5  c.c.  of  the  phenolphthalein  solution  and  6.3 
c.c.  of  the  'saturated  lime  water.' 

"  While  this  procedure  does  not  give  an  exact  volume 
of  solution,  it  is  believed  to  be  the  best  for  the  prepara- 
tion of  this  dilute  test  solution,  since  it  obviates  the  nec- 
essity for  pouring  tlie  prepared  solution  from  the  measur- 
ing iiask  into  the  bottle  in  which  it  is  kept;  12.6  c.c.  of 
the  stock  lime  solution  is  added 
rather  than  10  c.c,  in  order  to  keep 
the  values  obtained  with  the  re- 
sulting solution  more  nearly  com- 
parable with  the  older  values  cal- 
culated on  the  supposition  that 
10  c.c.  of  'saturated  lime  water' 
was  equivalent  to  12.6  mgm  of 
carbon  dioxide. 

Method  of  Maki iig  the  Test. — See 
that  the  inner  tube  of  the  shaker 
slides  readily  iu  the  outer  one, 
moistening  the  rubber  collar  slight- 
ly if  necessary.  Have  the  inner 
tube  pressed  down  to  the  bottom 
uf  the  larger  one,  and  measure  into 
the  apparatus  10  c.c.  of  the  test 
solution  from  the  automatic  pipette. 
Pull  the  inner  tube  up  to  the  5  c.c. 
mark  (the  bottom  of  the  inner  tube 
serving  as  the  index)  and  close  the 
end  of  the  tube  with  the  finger. 
Hold  the  apparatus  horizontally, 
and  shake  it  vigorously  for  exactly 
thirty  .seconds. 

"The  amoiintof  air  which  is  thus 
brought  in  contact  with  the  solu- 
tion is  equivalent  to  30  c.c,  as  there  are  25  c.c  of 
air  above  the  liquid  when  the  small  tube  is  forced  to 
the  bottom  of  the  larger.  Remove  the  finger,  press- 
down  the  small  tube  again  to  the  bottom  of  the  larger 
and  draw  it  up  to  the  20  c.c.  mark.  Shake  the  appa- 
ratus again  for  thirty  seconds.  The  amovmt  of  air 
brought  in  contact  with  the  solution  is  now  30-1-20  =  50 
c.c.  Repeat  the  shaking,  using  20  cc.  of  fresh  air  eaclt 
time  until  the  pink  color  is  discharged.  The  amount  of 
carbon  dioxide  corresponding  to  the  number  of  cubic 
centimetres  of  air  used  will  be  found  in  Table  A. 

'''Notes  and  Precautions. — Care  should  be  taken  that 
the  linger  used  to  close  the  end  of  the  tube  is  perfectly 
clean,  since  on  a  warm  day  the  free  acid  in  the  perspira- 
tion might  easily  vitiate  the  results. 

"If  greater  accuracy  is  desired,  the  shaker  should  be 
filled  with  the  air  to  be  tested  before  running  in  the  test 
solution.  This  may  be  done  readily  by  filling  the  shaker 
with  water  and  emptying  it  or  by  forcing  air  into  the 
tube  by  means  of  a  small  rubber  bulb. 

"  The  apparatus  should  be  shaken  vigorously  and  con- 
tinuously during  the  thirty  seconds  in  order  to  absorb 
]:)ractically  all  of  the  carbon  dioxide  in  20  c.c.  of  air. 
The  number  of  shakings  ought  not  to  be  less  than  one 
hundred  during  this  time. 

"  Care  should  be  taken  not  to  contaminate  the  air  while 
the  sample  is  being  taken.  The  breath  should  be  held 
momentarily  while  the  air  in  tlie  apparatus  is  being  I'e- 
placed,  and  the  samijle  should  be  collected  as  far  to  one 
side  of  the  body  as  possible.  It  ought  not  to  require 
over  ten  seconds  to  replace  the  air,  and  the  entire  test, 
with  air  containing,  say,  8  parts  of  carbon  dioxide  per 
10,000,  should  not  require  over  six  minutes. 

"It  less  than  90  c.c  of  air  is  required  to  discharge  the 
pink  color,  the  test  should  be  repeated,  using  10  c.c.  of 
air  each  time  after  the  first  30  cc. 

"It  is  not  necessary  to  rinse  out  the  shaker  after  mak- 
ing each  test,  but  it  should  be  carefully  washed  and  dried 
after  using,  and  the  parts  kept  separate  when  not  in  use. 

"The  '  half -solution  '  is  used  in  exactly  the  same  man- 
ner and  amount  as  the  regular  test  solution,  reference 
being  made  to  the  appropriate  portion  of  the  table." 

A  ir  Qua.ntitm  Needed. — The  ventilating  plant  to  be  de- 
signed for  a  place  or  ship  must  be  given  a  ventilating 
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capacity  of  power  sufiicient  to  do  the  work  which  it  is 
intended  to  do.  Tlie  air  quantum  needed  depends  upon 
the  amount  of  atmospheric  vitiation  tliat  maybe  expected 
to  occur  in  tlie  jjlace  to  be  ventilated.  Thus,  the  clianges 
that  occur  in  a  given  volume  of  air  during  a  single  act  of 
respiration  may  be  seen  in  tlie  following  table; 

Table  V. 


Contains  in 

Volume  Per  Cent. 

Dry  air. 

Expired  air. 

20.96 

16.03 

79.02 

79.03 

.03 

4.38 

According  to  this  table,  the  nitrogen  of  the  air  is  the 
only  one  of  its  constituents  that  remains  unchanged  in 
quantity ;  oxygen  is  decreased  about  one-lif th  and  car- 
bon dioxide  has  increased  a  hundredfold  by  the  respira- 
tory act.  The  following  calculation  will  serve  as  an 
example  of  the  method  tTiat  is  generally  emploj-ed  to  de- 
termine the  air  quantum  which  the  ventilating  system 
must  supply  to  a  place  in  a  given  time,  before  our  system 
■can  be  pronounced  satisfactory :  Given  an  enclosure,  her- 
metically sealed,  of  40  cubic  metres  capacity,  filled  with 
fresh  air,  originally  found  to  contain  0.5  part  per  1,000 
■of  carbon  dioxide.  Every  cubic  metre  of  this  air  con- 
tains, consequently,  0.5  litre  of  carbon  dioxide.  An 
:  average  person  confined  in  this  space  would  produce 
22.6  litres  of  carbon  dioxide  within  one  hour.  This 
quantity,  when  added  to  that  normally  present  in  the 
above  40  cubic  metres  of  air,  would  bring  the  total 
amount  of  COs  at  the  end  of  one  hour  up  to  42.6  litres 
or  1.065  per  thousand. 

The  maximum  limit  of  CO2  allowed  by  Pettenkofer 
for  a  good  quality  of  air  is  0.7  per  1,000,  and  this  we  see 
bas  been  seriously  surpassed.  Roth  and  Lex  have 
adopted  0.6  per  1,000  for  their  maximum  limit,  and  Car- 
nelly,  Haldane,  and  Anderson  want  1.0  per  1,000  adopted 
for  dwellings.  If  we  adopt  for  the  sake  of  illustration  the 
limit  of  Pettenkofer,  and  further  assume  that  fresh  out- 
:side  air  contains,  on  an  average,  never  more  than  0.5  per 
1,000  or  every  litre  0.5  c.c.  of  CO2,  then  every  litre  of  air 
may  take  up  0.2  c.c.  of  CO2  before  the  normal  carbon 
dioxide  maximum  limit  is  exceeded.  Consequently,  we 
need  113  litres  or  113  X  0.2  c.c.  =  22.6  of  COo;  we  need 
118  cubic  metres  (3,991  cubic  feet)  of  fresh  air  in  one 
hour  and  for  an  average  person,  in  order  to  keep  the  air 
of  a  place  within  respirable  limits.  Notter  quotes  Roth 
and  Lex  as  estimating  the  amount  of  CO2  produced  by 
an  average  person  per  hour  at  20  litres  and  the  hourly 
quantity  of  air  required  at  100  cubic  metres.  If  we  state 
this  quantity  of  air,  with  Notter,  as  3,600  cubic  feet  per 
hour,  it  is  just  one  cubic  foot  per  second. 

It  will  be  seen  that  we  can  vary  our  calculations  con- 
siderably either  by  extending  our  maximum  limit  of 
CO2  or  by  starting  with  an  air  of  a  higher  standard  of 
purity  to  begin  with.  If,  for  instance,  we  would  venti- 
late our  test  enclosure  with  an  air  that  contained  only  0.3 
of  CO2  per  1,000,  we  would  require  only  56.5  cubic  me- 
tres to  take  up  the  above  22.6  litres  of  CO2  exhaled  by 
an  average  person  in  one  hour. 

The  needed  air  quantum  is  generally  calculated  ac- 
cording to  the  following  simple  rule-of-three:   (1)  n: 

1  =  k  :  (p-q);  (2)  n  :  — ;  (8)  n  =  =  113  cubic 

22  6 

metres;  (4) n  =    ,  '   ,  =  45.2  cubic  metres  (Marcke  and 
I.O-O.D 

Schultze,  by  Kirchner).  Table  VI.  shows  how  the 
amounts  vary  within  the  limits  of  purity  demanded. 

Some  of  the  medical  officers  of  the  French  navy  appear 
to  be  keenly  aware  of  the  needs  of  their  service  from  a 
hj'^gienic  point  of  view.  Thus,  Rochard  and  Bodet,  in 
their  excellent  work  on  "  Naval  Hygiene  "  (p.  148),  make  a 
strong  and  timely  appeal  for  the  introduction  of  more 
scientific  methods  in  the  investigation  of  naval  sanitary 


Table  VI. 


Maximum  limit  CO2 
allowed  per  1,000. 

Air  Required  per  Man  and  per  Hour. 

In  cubic  metres. 

In  cubic  feet. 

0.6  

326 
113 
75 
55 
45 

7,981 
3,991 
2,649 
1,942 
1,589 

.7  

.8  

.9  

1.0  

problems,  an  appeal  which  United  States  naval  medical 
officers  might  take  seriously  to  heart,  very  much  to  their 
advantage.  They  say:  "Nous  demandons  instamment 
qu'on  munisse  les  medecins-majors  de  tons  les  batiments 
de  guerre  d'un  anemometre  de  Cassella,"  etc.,  and  they 
deplore  the  departmental  penury  in  not  providing  naval 
surgeons  with  the  instruments  necessary  for  better  re- 
search work. 

For  the  determination  of  the  air  quantum  they  propose 
to  employ  what  they  have  termed  the  "  coefficient  of  ven- 
tilation." In  this,  the  hour  is  taken  as  the  unit  of  time. 
Any  air  space,  no  matter  what  its  cubic  capacity,  in 
which  the  air  is  renewed  once  in  an  hour,  has  a  coefficient 
of  1.  Where  the  air  is  renewed  twice  in  an  hour,  that 
enclosure  has  a  ventilating  coefficient  of  2.  Wherever 
it  takes  two  hours,  that  place  has  a  coefficient  of  i 

etc.    The  coefficient  is  expres.sed  by  the  fraction  in 

which  R  represents  the  number  of  times  the  air  is  re- 
newed and  H  is  the  time  required  to  do  it  in.  Accord- 
ing to  this  plan,  the  facts  in  ventilation  could  be  intel- 
ligently recorded.  Thus,  for  instance,  5  cubic  metres 
(176  cubic  feet)  is  the  average  air  space  allotted  to  one 
man  in  the  French  navy.  This  space  is  so  small  that  the 
air  in  it  would  have  to  be  renewed  22,6  times,  i.e.,  it  would 
have  to  receive  a  coefficient  of  in  order  to  bring  the 
air  quantum  up  to  that  required  by  our  average  adult  in 
the  preceding  example,  which  was  113  cubic  metres. 

But  almost  every  work  on  ventilation  tells  us  that  the 
air  in  any  enclosure  cannot  be  renewed  more  than  three 
and  at  most  five  times,  lest  there  be  danger  from 
draught.  If  we  allow  the  French  sailor  to  breathe  into 
his  allotted  air  space  of  5  cubic  metres  for  one  hour, 
assuming  that  the  air  originally  contained  0.5  CO2  per 
1,000,  then  that  air  would  contain  5  CO2  per  1,000  at 
the  end  of  the  first  hour.  If  we  allow  the  air  to  be  re- 
newed three  times,  or  employ  a  coefficient  of  f ,  it  would 
contain  2  parts  COo  per  1,000;  with  a  coefficient  of 
it  would  reach  only  1.4  CO2  per  1,000. 

A  sailor  on  active  duty  generally  turns  into  his  ham- 
mock at  9  P..M.  and  is  called  at  5  a.m.,  when  not  called 
out  for  a  watch  before.  He  would  sleep  for  eight  con- 
tinuous hours  in  a  space  the  air  of  which,  at  the  end  of 
that  time,  would  scarcely  keep  a  candle  burning,  even 
under  a  coefficient  of  It  is  difficult  to  imagine  that 
he  would  wake  up  again,  as  we  all  know  he  does,  un- 
less actuall}^  supplied  with  more  air  than  our  calculation 
allows  him.  Can  any  one  doubt  that,  in  practice,  he 
somehow  gets  much  more  air,  draught  or  no  draught, 
than  our  theory  allows  him  to  get?  There  are  ships  in 
the  United  States  navy,  and  training  ships  at  that,  in 
which  the  average  air  space  per  man  is  only  two-thirds 
that  allowed  in  the  French  navy,  which  apparently  shows 
much  more  strongly  than  does  the  above  instance,  that 
more  air  niu.'it  get  into  living  spaces  than  even  a  coefficient 
of  I  could  put  there. 

The  more  the  question  is  studied  and  the  better  we  are 
becoming  acquainted  with  the  facts,  the  more  it  is  found 
that  the  rules  that  have  been  worked  out  to  govern  the 
ventilation  of  houses  and  buildings  on  land  do  not  and 
cannot  be  made  to  apply  to  ships  without  considerable 
modification.  We  shall  have  to  break  with  fixed  stand- 
ards as  regards  the  number  of  times  we  are  allowed  to 
renew  the  air  in  enclosures  and  part  company  with  dan- 
gers from  draughts,  when  going  to  sea  in  ships. 

The  coefficient  of  Rochard  and  Bodet  may  be  said  to 
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be  a  simple,  convenient,  and  accurate  means  of  recording 
the  ventilation  of  an  air  space.  It  might  with  great  ad- 
vantage be  used  in  company  with  the  "  air  cube. "  The 

air  cub.e  is  expressed  by  the  fraction         I  stands  for 

cubic  space,  M  for  the  number  of  men  in  it.  Thus  a 
space  of  100  cubic  metres  capacity  with  four  men  in  it, 
has  an  air  cube  of  25  cubic  metres. 

Testing  the  Sufficiency  of  a,  Veyitilating  System. — This  is 
■done  (1)  by  determining  the  cubic  capacity  of  the  living 
spaces  with  the  air  quantum  supplied  to  each  in  a  given 
time,  and  (2)  by  examining  the  air  both  chemically  and 
bacteriologically.  For  the  measurement  of  the  cubic 
capacity  of  ships'  spaces,  the  three  simple  rules  given 
by  MacDonald  are  still  sufficiently  accurate  and  answer 
all  the  purposes  of  the  sanitarian:  (1)  Take  the  largest 
measurements  of  length,  breadth,  and  height  that  the 
space  will  admit  of,  for  the  determination  of  the  main 
cubic  capacity.  (2)  Take  the  cubic  capacity  of  _  all  ir- 
regular spaces  and  recesses  in  communication  with  the 
principal  space,  and  add  their  sum  to  the  latter.  (3)  Take 
the  measurements  of  all  obstructive  bodies  and  projec- 
tions and  of  everything  that  impinges  upon  the  available 
air  space  and  subtract  the  sum  from  the  gross  capacitjr 
already  obtained.  Since  it  will  greatly  facilitate  calcula- 
tion to  take  down  the  measurement  in  feet  and  tenths  of 
feet  rather  than  in  feet  and  inches,  the  following  table 
may  prove  useful : 


Table  VII. 


Inches. 

1 

3 

5 

0 

7 

8 

9 

10 

11 

13 

Decimals  oZ  a 
foot  

0.08 

0.17 

0.35 

0.33 

0.44 

0..5 

0.58 

0.67 

0.75 

0.83 

0.93 

1 

A  few  simple  rules  will  satisfy  the  requirements  of  the 
sanitarian.  For  example,  the  area  of  the  segment  of  a 
circle  equals  two-thirds  of  the  product  of  the  chord  and 
height,  plus  the  square  of  the  height  divided  by  twice 

the  chord  (Cli  X  H  X  f)  +  (^^). 

The  area  of  the  triangle  equals  the  base  multiplied  by 
one-half  the  height.  The  circumference  of  a  circle  equals 
D  X  3.1416.  To  ascertain  the  area  of  an  ellipse,  multiply 
the  product  of  the  two  diameters  by  0.7854.  The  cubic 
capacity  of  a  cylinder  equals  area  of  base  multiplied  by 
height. 

The  total  number  of  cubic  feet,  with  additions  and  de- 
ductions made,  must  now  be  divided  by  the  number  of 
berths  or  hammock  swings  in  the  different  crew  spaces 
and  the  result  is  the  cubic  space  per  head  or  air  cube. 

The  total  air  quantum  that  passes  through  a  space  can 
be  determined  only  by  means  of  an  anemometer  and  the 
area  of  the  ventilating  trunks.  Tiie  velocity  of  an  air 
current  in  metres  per  second  is  ascertained  in  accordance 

with  the  formula  v  =  a  -|-  b-^  where  a  and  b  are  constant ; 

a  refers  to  internal  friction  and  b  to  vane  inclination ;  n 
is  the  number  of  turns  and  z  the  duration  of  the  observa- 
tion in  seconds.  The  air  volume  is  then  calculated  by 
the  formula:  L  =  f .  v.  3,600,  where  f  is  the  area  of  the 
intake  in  square  metres.  For  example:  The  hands  of 
the  anemometer  stand  at  the  beginning  of  the  observa- 
tion at  3,420,  and  after  operating  z  =  120  seconds,  the 
reading  of  the  hands  indicates  3,900.  The  instrument 
had  made  n  =  480  turns.    The  constants  arc  a  =0. 18  and 

b  =  0.14,  and  thus  we  get  v  =  0.18  +  0.14^  =  0.74. 

0.56^^ 

The  measurements  of  the  inlet  area  gave  0.26  X  0.38  m.  or 
f  =  0.0988,  consequently  the  pipes  propelled  L  =  0.0988, 
0.74,  3,600  =  263.2  cubic  metres  of  air  per  hour. 

Pressure  differences  existing  between  different  com- 
partments of  a  ship  are  ascertained  by  differential  man- 
ometers; these  serve  chiefly  to  indicate  inequalities  of 


ventilating  power  in  different  compartments  with  rela- 
tion to  each  other  and  to  determine  the  direction  of  the  air 
currents  existing  between  adjoining  compartments  from 
one  with  more  into  the  one  with  less  pressure. 

An  ingenious  method  for  determining  the  amounts  of 
air  discharge  which  occurs  in  an  enclosure — a  method 
which  can  be  applied  to  ships — was  devised  by  Pettenko- 
fer.  After  closing  all  openings  into  a  room,  he  generates 
CO2  by  burning  stearin  candles.  The  candles  furnish  a 
definite  amount  of  CO2  per  hour  and  the  CO2  of  the  air  is 
also  known.  When  the  power  of  the  ventilating  system 
is  to  be  ascertained,  the  blowers  are  started  and  the  air 
from  the  centre  of  the  enclosure  is  examined  at  intervals 
for  CO2.  The  rate  at  which  the  CO2  disappears  gives 
testimony  of  the  efficiency  of  the  ventilating  capacity 
of  the  system  under  investigation. 

Carbonic -acid  examinations  by  any  one  of  the  above- 
described  methods  will  complete  the  test  of  the  ventilat- 
ing sufficiency.  Bacteriological  examinations  of  the  air 
of  ships  have  not  yet  been  made  to  my  knowledge.  The 
difficulties  of  preserving  or  making  culture  fluids  are 
alone  to  blame  for  this  serious  omission.  Special  re- 
search work  has,  however,  shown  that  the  number  of 
germs  in  a  cubic  metre  of  air  decreases  at  sea  in  direct 
proportion  to  the  distance  from  land,  until,  in  midocean, 
the  air  is  found  absolutely  sterile  but  a  few  feet  above 
the  upper  deck  of  a  ship.  Fischer  {Zeitsclirift  f.  Hygiene, 
Bd.  1, 1886,  p.  421),  in  examining  sea  air,  found  one  germ 
in  44  litres  of  air;  at  a  distance  of  one  hundred  and  twenty 
miles  from  the  coast,  it  was  found  to  be  sterile. 

Ventilation  of  Different  Types  of  Vessels. 

1.  Battlesliips  ''^  Eearsarge''''  and  ^'■Kentucky''''  (sec  Plate 
XL VI.  and  description  of  figures).— Most  excellent  exam- 
ples of  ventilation  on  the  plenum  principle  are  furnished 
by  these  two  battleships  of  recent  construction.  They 
are  practically  sister  ships  and  the  ventilating  system  is 
the  same  in  both.  The  Kearsarge  and  Kentucky  are  the 
best  ventilated  ships  in  the  United  States  navy  (see  Plate 
XLVL). 

The  United  States  Steamship /iert?'6rw;7e  is  a  twin-screw 
armored  sea-going  battleship  with  a  displacement  of  11,- 
526  tons;  she  was  built  at  Newport  News,  Va.,  and  was 
first  commissioned  on  February  20th,  1900.  She  has  an 
upper  deck,  main  deck,  berth  deck,  splinter  deck,  protec- 
tive deck,  holds,  and  double  bottoms.  There  are  in  all  ten 
flft_y-incli  electrically  driven  fans,  of  twelve  horse  power 
each,  and  giving  each  a  speed  of  500  revolutions  per 
minute  with  an  output  of  160  volts.  Every  fan  forms  an 
independent  supply  system  for  a  certain  part  of  the  vessel 
and  is  located  as  near  as  practicable  to  that  part  of  the 
vessel  which  it  is  intended  to  supply  with  air.  All  the 
air  is  drawn  from  above  the  spar  deck  and  propelled  down 
below  the  main  deck ;  from  thence  it  is  driven  through  a 
system  of  branches  into  the  various  compartments  into 
which  these  are  made  to  open  through  numerous  small 
outlets,  provided  with  adjustable  cowls  or  terminal 
trumpets  that  can  be  turned  in  any  desired  direction  or 
closed  at  will  by  shutters. 

The  ten  supply  systems  are  distributed  about  as  fol- 
lows: (1)  Two  sj^stems,  supplying  all  the  forward  com- 
partments of  the  vessel,  have  the  blowers  located  sym- 
metrically on  each  side  of  the  centre  line  of  the  vessel  in 
the  blower  room,  on  the  splinter  deck,  and  underneath  the 
conning  tower.  (2)  Two  systems,  supplying  the  dj^na- 
mo-rooms  and  ammunition  passages  on  splinter  deck, 
with  blowers  symmetrically  located  on  each  side  of 
centre  line  of  vessel,  on  berth  deck  over  dynamo-room; 
they  receive  their  fresh  air  through  two  ventilators,  situ- 
ated between  the  smokestacks  and  outboard  of  the  two 
ventilators  supplying  the  berth  deck.  (3)  Two  systems 
supplying  compartments  in  midship  portion  of  splinter 
deck,  including  passages,  also  upper  and  lower  dynamo- 
rooms;  blowers  symmetricallj'  located  on  each  side  of 
centre  line  of  vessel,  in  upper  dynamo-room;  they  take 
the  air  through  two  ventilators  situated  between  the 
smokestacks  and  inboard  of  the  ventilators  that  supply 
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the  dynamo-room.  (4)  Two  systems  supplying  the  en- 
gine-rooms ;  blowers  located  in  the  engine-room  hatch  on 
main  deck  and  taking  their  fresh-air  supply  through  two 
ventilators  abaft  the  after-smokestack,  and  in  the  engine- 
room  hatch.  (5)  Two  systems,  supplying  all  the  after- 
compartments  of  the  vessel ;  blowers  symmetrically  lo- 
cated on  each  nide  of  the  centre  line  and  in  blower-rooms 
on  spar  deck  abaft  the  main  mast. 

The  fresh  air  supplied  in  this  manner,  after  doing  its 
ventilating  work,  finds  its  way  out  of  the  ship  through 
the  various  hatches  and  the  exhaust-leads  of  the  smoke- 
stack. There  are  besides  some  special  exhaust  blowers 
of  three  horse  power  each  for  the  steering  engine-room, 
officers'  water-closets  and  lavatories,  crew's  and  petty 
officers'  lavatories  and  closets.  The  large  vertical  ex- 
haust-trunks from  the  fire-  and  engine-rooms  are  made  to 
extend  high  above  the  upper  deck  in  order  to  increase 
their  draught  and  so  as  to  prevent  the  escape  of  hot  and 
foul  air  from  these  compartments  into  the  living  spaces. 

The  eight  flrerooms  are  supplied  with  air  for  forced- 
draught  purposes.  There  are  eight  steam-fans  located 
underneath  the  flrerooms'  ventilating  trunks,  each  fan 
supplied  with  air  by  means  of  a  separate  smaller  trunk, 
coming  from  above  the  upper  deck,  and  fitted  with  a 
portable  cowl.  When  forced  draught  is  being  used  in 
any  fireroom,  that  fireroom  is  kept  closed  and  all  the  air 
that  is  forced  in  finds  its  way  out  through  the  furnaces 
and  thus  goes  up  the  smokestack.  Incidentally,  of 
course,  this  forced  draught  furnishes  fresh  air  to  the  fire- 
men, stokers,  engineers  and  others  who  may  happen  to 
be  in  the  fireroom.  When  the  forced  draught  fans  are 
not  running,  the  same  ducts  furnish  fresh  air,  by  natural 
means,  such  as  temperature  differences,  to  the  men  in  the 
fireroom. 

No  fans  or  other  artificial  means  are  provided  for  forc- 
ing air  into  the  coal  bunkers.  The  free  admission  of  air 
into  these  is  effected  by  separate  inlets ;  while  the  outlets 
are  connected  with  the  exhaust  leads  of  the  smokestack 
.system.  With  regard  to  the  working  efficiency  of  this 
system  on  the  U.  S.  S.  Kearsarge,  Medical  Inspector  J.  C. 
Boyd,  in  his  annual  report  to  the  Surgeon-General,  1901, 
says :  "  The  total  volume  of  air  that  is  brought  into  the 
ship  per  minute  has  never  been  accurately  determined, 
but  estimating  the  probable  capacity  of  the  blowers, 
based  upon  the  cubic  feet  of  air  per  minute  that  can  be 
delivered  for  each  horse-power,  it  will  be  readily  seen 
that  the  air  throughout  the  ship  can  be  changed  within 
a  few  minutes.  Tlie  cubic  capacity  of  the  ward-room  is 
5,376  feet,  and  it  has  been  found  that  the  air  is  changed 
15.6  times  per  hour,  or  every  3.8  minutes." 

2.  BnttlesMp  "  Illinois. " — The  ventilation  of  the  lllim.ois, 
like  that  of  the  Kearsarge  and  Kentucky,  has  the  power 


also  those  of  the  compartments  above  this  deck  which  are 
located  forward  of  the  diagonal  armor.  The  four  after- 
ventilating  shafts  supply  the  staterooms  above  the  pro- 
tective deck  and  the  storerooms  and  magazines  which  are 
below  this  deck.  They  also  supply  these  compartments 
of  the  ship  above  the  protective  deck  which  are  included 
between  the  diagonal  armor  and  the  sides  of  the  after- 
part  of  the  ship.  All  the  fans  are  driven  by  steam  ex- 
cept the  two  that  supply  the  dj'namo-rooms ;  these  are 
driven  by  electricity. 

The  discharge  of  foul  air  is  effected:  (1)  through  two- 
large  shafts,  leading  from  the  engins-rooms  higk  above 
the  spar  deck ;  (2)  through  gratings  in  both  the  protective 
and  the  splinter  decks,  and  (3)  through  the  military  mast 
which  has  the  outlet  immediately  beneath  the  first  gun 
platform.  The  exhaust  side  of  the  system  has  no  fans 
and  does  not  seem  to  need  any. 

The  mid-ship  section  of  the  Illinois,  which  includes, 
the  engine-  and  firerooms,  is  supplied  with  four  large 
supply  shafts  on  each  side  of  the  centre  line.  The  air  is 
taken  from  above  the  spar  deck  and  driven  by  strong 
steam  fans  through  the  fire-  and  engine-room  spaces. 
Foul  air  escapes  through  hatches  and  gratings  as  well  as 
through  the  fires  and  smokestack. 

The  steam  steering-room  is  ventilated  on  the  combined 
plan,  having  driving  fans  on  both  the  supply  and  ex- 
haust sides  of  the  system,  while  the  W.C. 's  have  the 
power  on  the  exhaust  side  only.  To  judge  b_y  the  smell 
that  hovered  about  these,  they  did  not  seem  to  be  suffi- 
ciently ventilated.  Besides  the  above,  there  are  two 
separate  shafts,  also  provided  with  steam  fans,  which 
supply  all  the  quarters  located  above  the  protective  deck 
and  between  the  diagonal  armor  and  the  sides  of  the  ship. 

The  maximum  temperature  observed  in  the  fireroom 
during  the  entire  trip  was  110°  F.  The  adjoining  table 
sliow.s  temperature  in  the  engine-room: 

Table  viii.— Temperatures,  Degrees  Fahrenheit. 


Engine-room, 

Upper  grating. 

port. 

starboard. 

121  123  132 

114   116   116  ' 

IIB    130  118 

118    119  130 

116   116  115 

109   110  111 

Aft  

114   118  119 

106    100  108 

Average  

114   119  110 

113   113  114 

All  temperatures  were  taken  at  11,  13,  and  1. 


3.  The  Frenc.li  BaUlesld-p  Hoclie.''^ — This  ship  deserves 
special  mention  in  connection  with  the  subject  of  venti- 
lation, because  it  presents  a  novelty  in  not  showing  a 
single  windsail  above  the  upper  deck. 
All  the  air  is  taken  into  the  ship 
through  eight  hatchways,  extending 
from  the  upper  deck  down  to  the  pro- 
tective deck.  The  system  has  the 
great  advantage  of  allowing  the  air 
to  pass  between  decks  before  reaching 
the  lowest  compartments,  much  to  the 
advantage  of  these  compartments  be- 

FiG.  3.505.— Shows  the  Plan  of  the  Upper  Deck  of  the  Tloelie.  with  its  Eight  Hatches,  Marked  pJI,t^/\„rffpN^n?cbw°ws*of  th^l'//rt/-7Jnn 
bv  Treble  Lines.  Four  small  ones  are  in  the  centre  line  of  the  deck,  and  the  four  large  eigni,  jaigo  naDcuwavb  oj.  uue  aotne  on 
ones  (engine-room  hatches)  are  an-anged  symmetrically  by  twos  on  each  side  of  the  the  upper  deck  have  an  areatmg  sui'taee 


centre  Une  of  the  deck.    (From  Rochard  et  Bodet.) 

on  the  supply  side  of  the  sj^stem,  and  is,  therefore, 
effected  on  the  plenum  principle.  The  following  de- 
scription is  from  a  few  notes  taken  during  her  speed  trial 
and  will  only  give  the  leading  points:  There  are,  on  the 
Illinois,  eight  large  square  air  shafts,  serving  as  inlets 
and  taking  the  fresh  air  from  above  the  upper  deck. 
Four  of  these  inlets  are  distributed  about  the  forward 
side  of  the  forward  turret  of  the  ship  and  four  of  them 
are  distributed  similarly  about  the  after-ttirret  of  the 
ship.  Of  the  four  forward  ventilating  shafts,  two  sup- 
ply the  dynamo-rooms  and  two  supply  the  quarters, 
storerooms,  and  magazines  below  the  protective  deck,  as 


of  42  square  metres  (see  Fig.  3505) ;  to 
this  must  be  added  the  openings  of  the 
smoke  boxes,  and  those  of  the  ammunition  hoists  of  the 
four  turrets,  which  may  in  reality  be  regarded  as  hatch- 
ways. The  access  of  air  down  to  the  protective  deck  is 
assured  in  sufficient  quantity  bj''  three  large  hatchways, 
arranged  like  air  pits  between  the  upper  and  the  pro- 
tective decks. 

There  are  in  all  twelve  large  inlets  (see  Fig.  3506), 
each  section  of  the  ship  having  its  own ;  the  last  three 
sections  alone  are  ventilated  by  a  common  hatchway. 
This  last  one  is  very  large,  because  the  spaces  which 
it  is  intended  to  ventilate  are  the  steering  engine-room, 
that  of  the  pumping  engine,  etc.    The  various  flrerooms 
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Plans  of  the  Uuited  States  Steamships  Kearsage  and  Kentucky,  illustrating  the  plenum  system 
of  ventilation,  installed  by  Naval  Constructor  J.  J.  "Woodward,  U.  S.  N. 

Fici.  1. — Plan  of  Upper  Deck,  Showing  Trunks  and  Cowls  for  Passage  of  Air. 

Pig.  2. — Kepreseuts  a  Vertical  Longitudinal  Section,  Showing  Trunks  and  Cowls  for  the  Supply 
of  Air. 

Fig.  3. — Represents  Forward  End  f)f  Berth  Deck.  Showing  How  Fresh  Air  Is  Distributed  from 
Main  Deck  to  Living  Spaces,  Water-Closets,  etc. 

Fig.  4.— Plan  at  Splinter  Deck. 

Fig.  5. — Jjooking  Forward  from  Engine-Room.  Figs.  4  and  5  show,  in  plan  and  elevation,  how 
fresh  air  is  supplied  to  the  engine-rooms. 

Fig.  6. — Represents  Plan  through  Ward-room,  Mess-room,  and  Staterooms  Outboard  of  Same, 
Showing  Method  of  Distributing  Fresh  Air  from  Main  Ventilating  Ducts  to  Officers'  Living 
Spaces. 
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Fig.  3506.— Shows  all  the  Supply  Shafts  of  the  HocUe,  Especially  the  Three  Great  Superimposed 
Hatchways  Extending  from  the  Upper  Clear  Down  through  the  Main  Deck  to  the  Protective 
Deck.    (From  Rochard  et  Bodet.) 


Jiave  their  own  inlets,  each  opening  being-  7  metres 
square. 

The  fortunate  position  of  the  exits  (see  Fig.  3507)  for 
vitiated  air  permits  the  inlets  in  the  protective  deck  to 
have  their  full  effect.  The  four- 
teen sections  into  which  the  ves 
sel  is  divided  are  not,  however, 
■equally  well  cared  for  in  this  re- 
spect. The  tliree  forward  sec- 
tions being  for 
the  most  part 
storerooms,  are 
merely  aerated 
by  one  circular 
opening,  which 
serves  both  as  a 
supply  and  an 
■exhaust  at  the 
same  time.  The  last  two  sections,  which  include  the 
steering  engine-room,  have  likewise  but  one  hatchway. 
Everywhere  else,  a  large  number  of  conduits  is  ar- 
ranged so  as  to  take  the  hot  air  out  from  the  com- 
partments below  the  protective  deck  and  conduct  it 
above  the  spar  deck.  These  are  (1)  the  militarj^  mast 
system,  which  exhausts  the  forward  turret,  the  section  for 
the  wounded,  and  the  forward  pumping  engine-room ;  (2) 
the  chimney  mantle  system,  which  exhausts  the  four  lire- 
rooms;  (3)  the  protective  casing  of  the  conning  tower, 
through  which  escapes  a  portion  of  the  air  from  a  space 
between  the  engine-room  and  the  fireroom ;  (4)  the  great 
central  shaft,  divided  into  several  smaller  trunks,  lets  out 

(a)  the  hot  air  from  the  engines,  the  exhaustion  of  which 
is  effected  by  a  fan  through  a  perforated  deck  ceiling; 

(b)  the  air  of  the  midship  pumping  engine-room,  steam 
pipes,  store-  and  ammunition-rooms;  (5)  an  isolated  con- 
duit for  the  after  ammunition-room ;  and  (6)  the  after 
military  mast,  through  which  escapes  the  air  from  the 
after  pumping  engine-room  and  ammunition  storeroom. 
It  is  interesting  to  note  that  the  exhaust  pipes  are  placed 
inboard  of  the  supply  shafts. 

3a.  //.  If.  8S.  "  GlcUten"  and  " jDemstntion." — Accord- 
ing to  MacDouald  the  plenum  system  of  ventilation  has 
been  adopted  without  exception  in  Great  Britain  ever 
since  the  earlier  seventies.  Examples  are  H.  M.  SS. 
Glatten  and  Devastation.  Tlie  GUittcn  has  a  rectangular 
supply  shaft,  five  feet  six  inches  by  six  feet  four  inches, 
beginning  twelve  feet  above  the  upper  deck  and  reacli- 
ing  down  to  the  level  of  the  main  deck,  just  abaft  the 
smokestack.  At  the  bottom  of  tliis  shaft  there  are  four 
fans  connected  with  two  transverse  trunks,  the  upper  of 
which  is  sixteen  by  twelve,  and  the  lower  sixteen  inches 
square.  The  fans,  driven  by  steam,  take  the  fresh  air 
from  the  shaft  and  send  it  into  the  tnmks,  through 
which  it  is  propelled  \)j  means  of  smaller  pipes  into 
every  cabin  and  compartment  of  the  ship,  fore  as  well 
as  aft,  by  goosenecked  funicular  ends  that  open  a  few 
inches  from  the  floor  of  the  deck. 
There  are  in  the  Glatten  one  hun- 
dred and  thirty-three  of  these 
outlets.  All  the  fans  are  pro- 
vided with  distinct  sets  of  en- 
gines which  M'ork  independent- 
ly, but  in  the 
Devastation  the 
arrangement  is 
such  that,  in 
case  one  or  two 
shafts  get  acci- 
dentally blocked 
or  otherwise 
rendered  use- 
less,   the  third 

can  be  made  to  supply  all  the  compartments  whose  ven- 
tilation would  be  tlius  interfered  with. 

The  following  table,  IX.,  shows  the  relative  number  of 
supply  and  exhaust  fans  in  some  of  H.  M.  ships ;  it  clearlj^ 
shows  how  even  the  combined  system  is  gradually  giving 
way  to  the  plenum  system  of  ventilation  in  the  royal  navy. 


4.  The  Austrian   Coast  Defence   Vessels  ''^Monarch,'''' 
"  Wien,"  and  ''Budapest.'" — All  these  ships  have  a  very 
large  number  of  water-tight  compartments,  one  hundred 
and  forty-two  of  which  are  located  beneath  the  protective 
deck  and  thirteen  are  above 
that  deck.    Each  compartment 
is  provided  with  its  own  two 
ventilating  pipes,  one  for  the 
admission  of  fresh  air,  the  other, 
for  the  discharge 
of  foul  air.  The 
two  pipes  reach 
above  the  main 
deck    and  are 
themselves  wa- 
ter-tight. 

As  a  general 
rule,  all  efforts 

at  ventilating  water-tight  compartments  do  in  a  meas- 
ure endanger  the  purpose  which  these  compartments 
are  designed  to  serve.  In  all  English  vessels  of  this 
type  the  protective  deck  is  left  intact,  while  in  French 
and  in  Austrian  ships  the  bulk-heads  are  almost  never 
perforated. 

Table  IX.— (From  Notter.) 


Name  of  ship. 

Exhaust  Fans. 

SUPPLY  Fans. 

Number. 

Diameter. 

Number. 

Diameter. 

Devastation  

4 

4  ft.  6  in. 

4 

r-i  ft.  6  in. 

Thunderer  

4 

4  ft.  6  in. 

4 

5  ft.  ti  in. 

3 

Two  6  ft.  - 

4 

4  ft. 

one  4  in. 

Nile  

;^ 

4  ft.  6  in. 

4 

4  ft.  6  in. 

Imp^rieuse  

2 

3  ft.  6  in. 

4 

4  ft.  6  in. 

Edinburgh  

3  ft. 

6 

4  ft.  1  in. 

Colossus  

.> 

3  ft. 

6 

4  ft.  6  in. 

Inflexible  

T 

3  ft.  3  in. 

8 

4  ft. 

2 

4  ft. 

2 

4  ft. 

1 

3  ft.  6  in. 

One  4  ft.  - 

one  3  ft. 

1 

3  ft. 

.5 

4  ft. 

Anson  

1 

3  ft. 

4 

4  ft. 

Camperdown  

1 

3  ft. 

4 

4  ft. 

Royal  Sovereign  . . 

12 

Six  (?  ft.  —  six 

5ft.  6  in. 

Royal  Arthur  

5 

Four  5  ft.  — 

one  3  ft. 

6 

4  ft. 

Neptune  

4 
4 

O 

2 
2 
2 
2 

i 

4  ft. 
4  ft. 
4  ft. 
3  ft. 
3  ft. 
3  ft. 
3  ft. 
3  ft. 

Collingwood  

Calliope  

Fig.  3507.— Longitudinal  Section  of  the  Hoclie,  Showing  all  the  Passages  for  the  Evacuation  of 
Foul  Air,  also  the  Independence  of  the  Different  Compartments  from  one  another.  (From 
Rochard  et  Bodet.) 


The  engine-rooms  on  all  these  ships  are  ventilated  on 
the  plenum  principle.  The  air  is  taken  from  above 
decks  and  pressed  into  horizontally  arranged  ventilating 
trunks,  divided  into  branches 
leading  the  air  down  the  sides 
to  the  floor  deck,  whence  it 
passes  into  the  engine-room 
space.  The  escape  of  foul  air 
is  effected  through  cne  large 
s  li  a  f  t,  located 
1  amidships  over 

the  engine-room 
and  provided 
with  an  electric 
exhaust  fan 
with  cowl  on 
top. 

The  boiler- 
rooms  are  sup- 
plied with  air  through  eight  air  shafts,  four  of  which 
liave  fans,  while  the  foul  air  escapes  through  the  chim- 
ney, the  hatch  ojjenings,  and  several  special  exhaust 
pipes.  All  the  other  compartments  are  ventilated 
tlirougli  a  large  number  of  electrically  driven  fans  which 
act  on   the  plenum  principle.    The  coal  bunkers  are 
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merely  connected  with  the  system  of  exhaust  pipes  which 
lead  into  the  chimney  casing  and  the  military  masts. 
The  various  cells  for  the  confinement  of  prisoners  are 
traversed  by  the  ventilating  pipes  intended  as  supplies 
for  the  ammunition  storerooms.  The  air  escapes  into  the 
cells  through  small  apertures  in  these  pipes  and  leaves 
the  cells  through  openings  in  the  bulk-heads. 

The  forward  station  for  the  wounded  has  one,  the  after 
station  two  fresh-air  inlets  with  cowls,  while  the  foul  air 
escapes  through  separate  outlets.  Most  of  the  officers' 
cabins  are  dependent  for  their  air  supj^ly  on  perflation, 
and  this  must  be  considered  an  important  flaw  in  the 
whole  system.  All  three  of  the  above-named  vessels  are 
also  provided  with  steam  ash  ejectors,  which  contribute 
largely  toward  keeping  the  ship's  air  clear  of  finely  di- 
vided particles  of  inorganic  matter. 

5.  ¥.  S.  Traitiing  Ship  Pmirie.^^ — We  will  conclude 
the  chapter  on  ventilation  with  a  description  of  the 
Prairie's  system  of  ventilation,  giving  at  the  same  time 
the  results  of  some  investigations  into  the  working  effi- 
ciency of  the  latter.  The  present  training-ship  Prairie  is 
the  converted  steamer  El  Sol  of  the  Morgan  Line  Steam- 
ship Company.  She  has  a  length  of  404  feet  over  all  and 
a  beam  of  44  feet;  she  has  a  gross  tonnage  of  6,782  tons, 
and  is  provided  with  a  single  screw,  driven  by  a  vertical, 
inverted  three-cylinder  triple-expansion  engine  of  the 
ordinary  marine  pattern  for  commercial  use,  built  at 
the  Cramps'  sliipyard  in  1890,  and  last  commissioned  at 
the  Boston  navy  yard  on  November  9th,  1901 ;  she  has  a 
spar  deck,  a  gun  deck,  and  a  berth  deck  with  the  usual 
holds  and  storerooms  below. 

Since  the  berth-deck  compartments  are  the  only  ones 
which  have  artificial  ventilation,  all  her  othei-  compart- 
ments depending  upon  ventilation  by  perflation,  the 
former  will  be  the  only  ones  inchided  in  the  following 
description.  The  berth  deck  of  the  Prairie  is  divided  by 
the  large  engine-  and  fireroom  hatch  into  a  forward  and 
an  after  section  of  nearly  equal  dimensions,  and  between 
them  there  is  no  communication,  the  two  iron  bulkheads 
of  the  hatch  reaching  clear  across  from  one  side  of  the 
ship  to  the  other. 

The  forward  section  of  the  berth  deck  is  again  divided 
by  two  cross  bulkheads  into  three  compartments  with 
two  communicating  doors,  symmetrically  placed  on  each 
side  of  the  two  dividing  bulkheads.  The  most  forward 
of  the  three  compartments  is  used  for  sick-quarters,  the 
one  next  to  this  comprises  the  petty  officers'  quarters,  and 
the  third  gives  berthing  space  to  a  large  number  of  men. 

The  after-section  of  the  berth  deck  is  likewise  divided 
into  three  compartments,  the  most  forward  of  which  ac- 
commodates the  dynamos,  the  next  gives  bertliing  space 
to  the  marine  guard,  and  the  last  is  for  the  chief  petty 
officers. 

There  are  three  large  square  and  three  small  oblong 
and  rather  narrow  hatches  in  her  decks,  all  superimposed 
and  therefore  well  intended  to  send  both  hght  and  air 
directly  down  into  the  deeper  parts  of  the  ship.  The 
two  electric  fans  of  110  volts  each  are  both  on  the  gun 
deck,  just  fore  and  abaft  the  fire-  and  engine-room 
hatches  respectively.  Each  of  the  two  large  ventilating 
trunks,  after  passing  through  the  gun  deck,  bifurcates, 
and  the  two  branch  trunks  with  their  inlets  run  along 
the  sides  of  the  various  compartments  which  they  tra- 
verse, at  a  height  above  the  berth-deck  flooring  of  six  or 
seven  feet. 

The  two  tables,  showing  the  results  of  the  anemomet- 
rical  observations,  are  intended  to  exhibit  at  the  same 
time  in  a  diagrammatic  manner  the  relative  po.'iition  of 
the  different  compartments,  their  cubic  capacity,  the 
number  of  inlets,  and  also  tlie  relative  distance  of  the  in- 
lets from  the  fans  or  blowers.  As  may  be  seen  in  the 
columns  of  "cubic  feet  exhausted  per  hour,"  the 
amounts  of  air  taken  up  by  the  different  inlets  decrease 
very  rapidly  and  directly  with  their  distance  from  the 
blowers.  Inasmuch  as  the  observations  on  the  inlets  and 
outlets  rarely  agree  exactly,  the  largest  figure  is  always 
taken  as  indicating  the  true  value  of  the  amount  of  work 
done  by  the  fans. 


Table  X.— Anemometrical  Observations  on  the  Ventilation 
OF  THE  Berth-Deck  Compartment,  made  on  U.  S.  S.  Prairie, 
AT  Sea,  on  January  .'iTH  Between  the  Hours  of  1  and  .3  a.m. 
Number  of  inlets  Twenty-Six,  with  an  average  Square 
Area  of  0.4  Feet. 


I.  Forward  of  engine-  and  flrerooms ;  average  difference  in  number 
of  turns  of  anemometer  between  the  inlets  is  eiglity-flve  per 
minute. 


Number 
inlets,  port. 

Cubic  feet 
exhausted 
per  hour. 

Bow. 

Cubic  feet  • 
exhausted  I 
per  hour. 

Number 
inlets, 
starboard. 

Sum. 

13 
13 
11 

15,900 
17,880 
19,920 

Sicl?-Quarters,  cubic  air  space, 
4,700  feet,  exhausted  22  times 
per  hour:  available  air  per 
head  and  per  hour,  5,370 
cubic  feet. 

15,900 
17,880 
19,920 

13 
13 
11 

107,400 

10 
9 
8 
7 

31,960 
24,060 
36,100 
38,140 

Forward  berth  declt,  cubic 
air  space,  10,209  feet,  ex- 
hausted 23  times  per  hour; 
available  air  per  head  and 
per  hour,  2,674  cubic  feet. 

21,960 
24,060 
26,100 
28,140 

10 
9 
8 
7 

200,530 

6 
5 
4 
3 

1 

30,120 
32,160 
34,260 
36,300 
38,380 
40,320 

Main  berth  deck,  cubic  space, 
25,604  cubic  feet,  exhausted 
16.5  times  per  hour;  avail- 
able air  per  head  and  per 
hour,  1,736  cubic  feet. 

.30,120 
32,160 
34,260 
36,300 
38,280 
40,320 

6 
5 
4 
3 

1 

432,880 

Blower. 

Grand 

total, 

730,800 

II.  Berth-deck  compartments  abaft  the  engine-  and  flrerooms; 
average  difference  in  number  of  turns  of  anemometer  between  the 
inlets  is  thirty-eight  per  minute ;  decreasing  la  a  direction  from  the 
blower. 


Cubic  feet 
exhausted 
per  hour. 

Blower. 

nnber 

ilets, 

-board. 

^  1 

/ 

V 

Cubic  fe( 
exhauste 
per  hour 

Sum. 

^1 

; 

CO 

1 

33,780 
33,880 

Dynamo. 

33,780 
32,880 

1 

133,330 

3 
4 
5 
6 
7 

31,980 
31,080 
30,120 
29,220 
28,320 

Marines'  quarters,  cubic  air 
space,  9,827  feet,  exhausted 
30  times  per  hour ;  available 
air  for  breathing  purposes 
per  hour  and  per  head,  4,875 
cubic  feet. 

31,980 
31,080 
30,120 
29,220 
28,320 

3 
4 
5 
6 
7 

301,440 

8 
9 
10 
11 
13 

37,430 
26,530 
25,800 
24,900 
24,000 

Chief  petty  officers'  quarters, 
cubic  air  space,  10,209  feet, 
exhausted  25  times  per  hour; 
available  air  per  head  and 
per  hour,  3,430  cubic  feet. 

27,420 
26,520 
25,800 
24,900 
24,000 

8 
9 
10 
11 
13 

357,280 

13 

23,100 

Closets. 

Pantry. 

23,100 

13 

46,300 

14 

22,300 

Stfires.  1 

Stores. 

23,300 

14 

44,400 

Stein. 

Grand 

total. 

783,640 

The  after  berth-deck  compartments  of  the  Prairie,  by 
reason  of  their  relatively  smaller  cubic  capacity,  are  much 
better  ventilated  than  the  forward  compartments,  both 
fans  doing  about  the  same  amount  of  ventilating  work. 
The  blowers  are  run  at  night  only. 

The  tests  for  the  amount  of  atmospheric  carbon  dioxide, 
exhibited  in  Tables  XI.  and  XII.,  were  made  according  to 
the  metliod  of  Fitz,  as  modified  by  Woodman  and  Rich- 
ards and  described  in  the  preceding  pages.  In  making 
these  examinations,  it  was  the  intention  to  get,  as  nearly 
as  that  was  possible  under  the  circumstances,  a  true  and 
absolutely  fair  estimate  of  the  amount  of  carbon  dioxide 
present  in  the  atmosphere  of  the  different  parts  of  tlie 
ship.  None  of  the  dark  places  in  which  the  air  naturally 
stagnates,  such  as  storerooms  and  holds,  and  where  the 
carbon  dioxide  was  found  up  to  22  to  40  parts  in  10,000, 
were  included  in  these  observations.    The  tests  shown  ia 
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Table  XL— Carbon-Dioxide*  Observations.  Series  I.,  U.  S.  S. 
Prairie,  Hampton  Roads,  Va.,  December  CTth  to  28th.  Ship 
Heading  N.E.  by  E.  and  W.S.W.  Respectitelt.    Wind  N.E., 

STRENGTH   2.     ATMOSPHERIC   TEMPERATURE   DURING  PERIOD  OF 

Observations  Varied  from  39°  to  45°  F.  Weather  Partly 
Misty  and  Partly  Cloudy. 


si 

■p 

■a 

Time  of  day. 

Sick- 
quartei 

Forwai 
B.  D. 

Main 
B.  D. 

After 
B.  D. 

Wairai 
Off. 

Forwai 
G.  D. 

Remarks. 

9  P.M   

10.0 

8.5 

10.0 

12.0 

14.0 

10.0 

Hatches  partly  covered. 

11:30  P.M  

10.0 

6.5 

9.0 

9.0 

9.0 

7.5 

Blowers  started  at  12  mid- 

night. 

1  A.M  

8.4 

4.3 

5.5 

6.2 

6.0 

5.0 

Blowers  stopped  at  5:30 

A.M. 

6  A.M  

9.0 

6.0 

7.2 

8.2 

5.5 

7.2 

Gun-deck  ports  closed. 

10: 30  A.M  ... . 

8.6 

6.2 

4.1 

6.0 

5.5 

3.1 

Gun-deck  ports  open. 

U:  80  A.M  ... . 

7.5 

3.5 

3.0 

4.0 

4.0 

3.0 

Gun-deck  ports  open. 

1  P.M  

5.0 

3.2 

4.5 

4.0 

3.4 

3.0 

7  P.M   

7.5 

4.0 

10.0 

4.3 

4.6 

14.0 

Raining ;  hatch  covers  on  ; 
hammocks. 

Averages. 


8.3 

5.5 

6.1 

0.4 

6.0 

5.9 

Night  

9.5 

6.7 

8.3 

8.0 

7.8 

8.7 

Day  

7.0 

4.3 

3.9 

4.7 

4.3 

3.0 

Difference  . . . 

2.5 

2.4 

4.4 

3.3 

3.5 

5.7 

Difference  between  night 

and  day,  averages. 

*  Numbers  in  columns  indicate  amount  of  CO^  contained  in  10,000 
parts  of  air. 


Table  XII.— Carbon-Dioxide  Observations,  Series  II.,  U.  S.  S. 
Prairie,  January  4th  to  5th.  At  Sea  Between  Latitudes 
16°  13'  30"  and  15°  08'  N.  and  Longitudes  64°  25'  and  63°  40'  W. 
Course  E.  by  S.  Strength  of  Wind  4.  Atmospheric  Temper- 
ature Varied  from  78°  to  81°  F.  Sky  Partly  Blue,  Partly 
Cloudy'. 


Time  of  day. 

Sick- 
quarters. 

B.  D. 

main. 

B.  D.  aft 

C.  P.  0. 

Warrant 
Off. 

G.  D.  aft. 

G.  D. 

forward. 

Remarks. 

9  P.M  

8.8 

8.8 

8.8 

5.6 

5.6 

5.0 

Wind   forward,  weather 

clear. 

11  P.M   

4.1 

4.1 

5.0 

3.7 

3.7 

3.6 

Wind  athwartship ;  ports 

open. 

1:30-2:30  a.m. 

5.8 

6.2 

6.3 

4.3 

4.0 

3.9 

Blowers    running  half 

3.7 

speed. 

11  A.M  

4.3 

7.0 

8.2 

5.0 

3.6 

No  one   occupying  sick- 

quarters. 

1 :30-2: 30  P.M. 

4.8 

4.8 

5.5 

4.4 

S.6 

3.6 

All  gun-deck  ports  open. 

5  P.M  

5.0 

5.2 

5.8 

4.2 

4  0 

4.6 

All  gun-deck  ports  open. 

Averages. 


General  

5.5 

6.0 

6.6 

4.8 

4.2 

4.2 

Influence  of  open  gun-deck 

Night  

6.2 

6.5 

6.5 

4.4 

4.4 

4.4 

ports  shown ;   tends  to 

Day  

3.7 

5.6 

6.5 

4.4 

3.7 

3.9 

lessen  the  difference  be- 

Difference . . . 

2.5 

.9 

.0 

0.0 

.5 

tween  the  night  and  day 
averages. 

the  tables  represent  tlie  compartments  that  are  included 
in  the  general  circulation  of  the  area  ventilated  by  the 
blowers.  The  results  show  what  the  carbon-dioxide  con- 
tent of  the  ship's  atmosphere  available  for  breathing  pur- 
poses may  be  expected  to  be,  when  the  ship  is  at  sea  and 
is  sailing  under  the  most  fam^'ahle  conditions  of  weather 
and  climate.  The  influence  of  hatches,  whether  open  or 
closed,  of  gunports,  of  the  direction  of  the  winds  and  of 
the  blowers  upon  the  carbonic-acid  content,  may  be  seen 
in  the  tables  and  studied  in  connection  with  the  column 
of  remarks. 

As  the  blowers  operate  on  the  vacuum  principle,  it 
must,  of  course,  be  expected  that  the  air,  when  it  reaches 
the  breather,  is  at  its  worst.  The  differences  between  the 
night  and  day  averages  in  series  I.  were  rather  large,  as 
compared  with  those  shown  in  series  II.  The  colder  cli- 
mate at  Hampton  Roads  made  it  necessary  for  the  com- 
fort of  the  men  sleeping  below  to  keep  the  hatches  cov- 
ered and  the  ports  closed.  Under  such  conditions  the 
vacuum  system  of  ventilation  shows  its  weak  points. 
The  fans  arranged  in  accordance  with  the  plenum  prin- 
ciple would  easily  remedy  these  defects  and  convert  a 
very  faulty  system  of  ventilation  into  an  efficient  one. 
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In  concluding  the  chapter  on  ventilation  we  would 
emphasize  two  leading  and  important  factors  influencing 
a  ship's  ventilation,  namely:  (1)  The  plenum  system  of 
ventilation  for  ship's  purposes  is  unqualifiedly  recom- 
mended. (2)  That  the  high  atmospheric  temperatures 
and  humidities  prevailing  in  warm  climates,  together 
with  the  prominent  part  played  by  physical  heat  regula- 
tion on  the  part  of  the  men,  make  it  possible  that  the  air 
in  ships  may  be  renewed  from  fifteen  to  twenty  times 
per  hour,  without  danger  from  draughts. 

II.  Water. 

Every  living  organism,  every  single  microscopic  cell 
of  this  organism,  has  its  normal  amount  of  water  under 
which  alone  it  can  perforin  its  proper  function,  and  the 
slightest  departure  from  this  normal  percentage  amount 
of  water  peculiar  to  its  composition  begins  to  initiate  the 
series  of  changes  that  can  have  but  one  ending,  namely, 
the  death  of  the  organism.  The  human  body  has  in  its 
composition  sixty-five  per  cent,  of  water,  of  which  it 
loses  2,500  gm.  daily.  As  it  receives  from  500  to  800  gm. 
in  the  food,  the  remaining  loss  must  be  made  good  by 
drink.  In  experimental  animals  death  inevitably  ensues 
whenever  the  loss  of  water  amounts  to  from  twenty  to 
twenty -five  per  cent.  Those  of  iis  who  live  in  temperate 
climates,  in  which  water  is  found  eveiywhere  in  sufficient 
quantity  to  supply  our  daily  needs,  hardly  ever  think  of 
the  possibility  of  dying  of  thirst;  but  those  who  live  in 
the  tropics  know  well  how  pressing  and  dangerous  thirst 
can  become  as  compared  to  hunger.  As  a  means  of  per- 
sonal cleanliness,  it  has  become  well  recognized  that  it  is 
economy  to  be  lavish  with  the  water  supply,  especially 
among  soldiers  and  sailors,  who  must  be  so  trained  that 
cleanliness  of  person  becomes  to  them  a  necessity  and  a 
habit. 

With  regard  to  the  water-supply  of  ships,  the  last  fifty 
years  have  brought  about  great  changes.  The  general 
introduction  of  steam  has  made  not  only  the  voyages 
shorter,  but  it  has  been  the  means  of  making  ships  al- 
most entirely  independent  of  the  shore  as  regards  their 
water-supply.  In  times  of  wooden  ships  and  long  ]5as- 
sages  across  the  seas  under  s!lil  alone,  the  water  question 
was  one  of  most  serious  concern  to  all  seafaring  men. 
Besides  this,  the  generally  prevalent  lack  of  knowledge 
at  that  time  of  the  importance  of  cleanliness  in  collect- 
ing, storing,  and  distributing  the  water  on  board  ship 
was  the  cause  of  untold  misery  and  loug  sufl'ering,  due  to 
poor  water  and  to  the  separation  from  a  base  of  supply. 
The  water  was  carelessly  collected  and  then  stored  in 
tanks  or  barrels  down  in  the  dark  holds  of  the  ship.  Often 
neither  the  water  nor  the  barrels  were  examined,  and  con- 
sequently they  left  much  to  be  desired  as  regards  cleanli- 
ness. After  a  time  the  water  began  to  emit  a  disagreeable 
odor,  the  essence  of  which  was  sulpliureted  hydrogen. 
This  gas  was  produced  by  the  decomposition  of  the  sul- 
phates in  the  water.  In  the  course  of  time  this  gas  was 
reoxidized  and  the  disagreeable  odor  disappeared.  This 
periodical  reduction  of  the  sulphates  and  oxidation  of 
sulphureted  hydrogen  recurred  several  times  during  a 
voyage,  and  it  was  a  common  saying  among  sailors  tliat 
the  water  had  to  putrefy  three  "times  before  it  became 
potable. 

It  certainly  was  true  that  the  water  did  cease  ferment- 
ing after  a  time,  and  consequently  it  was  often  better  at 
the  end  of  a  voyage  than  at  the  beginning.  We  now  are 
perfectly  well  acquainted  with  the  causes  of  this  fermen- 
tation and  make  use  of  this  very  property  of  water  to 
purify  it  before  filtration.  It  is  the  septic-tank  method 
which  has  been  found  so  effective  in  removing  a  large 
percentage  amount  of  germs  and  fermentable  organic 
matter,  and  which  makes  subsequent  sand  filtration  so 
much  more  effective  in  producing  a  pure  and  potable 
water  than  it  would  be  without  it. 

Although  most  of  the  naval  vessels  are  supplied  with 
distillers  for  the  production  of  drinking-water  from  sea- 
water,  it  cannot  be  said  that  all  ships  of  the  navy  are 
absolutely  independent  of  water  supplies  from  natural 
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-sources  on  shore.  Circumstances  arise  on  every  naval 
vessel,  and  arise  often,  under  which  the  Avater  tanks  are 
filled  with  water  coming  from  shore.  Naval  sanitarians 
can,  therefore,  not  yet  afford  entirely  to  disregard  the  hy- 
giene of  water  supplies  as  found  in  nature. 

The  question  of  the  water  suppljr  to  naval  vessels 
would,  accordingly,  resolve  itself  into  (1)  the  supply 
from  natural  sources,  and  (2)  the  supply  through  distil- 
lation from  sea  water. 

1.  Supply  from  Nature's  Reservoirs,  (a)  Rain 
Water. — The  quantity  of  water  which  a  cubic  kilometre 
of  air  is  able  to  take  up,  when  saturated  at  a  temperature 
of  15°  C.  (60°  F.),  is  no  less  than  15,990,000  litres.  In 
the  tropics  the  atmosphere  covering  a  square  mile  of  sur- 
face, at  a  temperature  of  30°  C.  (85°  F.),  takes  up  two 
and  a  half  millions  of  cubic  metres  of  water.  This  water 
is  driven  by  the  wind  to  the  different  parts  of  the  world, 
and  returns  to  the  earth  in  the  form  of  rain,  snow,  or  hail. 
The  water,  Avhen  it  evaporates,  is  pure ;  but  when  it  re- 
turns to  the  earth  in  the  form  of  meteoric  water  it  shows 
various  forms  of  contamination,  having  absorbed  not 
only  the  gases  of  the  air,  but  carrying  down  also  more 
substantial  impurities  with  it.  It  is  easily  seen  that  rain 
watei'  must  differ  in  character  with  the  quality  of  the  at- 
mosphere through  which  it  falls;  it  must  differ  with  the 
season  of  the  year,  and  whether  it  falls  in  town  or  coun- 
try. As  rain  purities  the  air  by  taking  down  dust  and 
smoke,  it  must  become  purer  the  later  it  is  collected. 

Of  the  water  which  is  thus  returned  to  the  earth  by 
precipitation,  a  small  portion  evaporates  again  immedi- 
ately; the  greater  portion  sinks  to  certain  depths  from 
the  surface,  becoming  what  is  known  as  surface  water; 
while  still  another  portion  runs  off  into  rivers,  brooks, 
and  lakes,  and  the  rest  returns  by  way  of  the  rivers  and 
streams  to  the  great  sea  whence  it  came. 

In  its  passage  through  the  atmosphere,  it  takes  up,  in 
the  first  place,  a  certain  volume  of  air.  The  oxygen  of 
the  air  being  more  easily  soluble  in  water  than  is  nitro- 
gen, the  air  dissolved  in  water  is  richer  in  oxygen  than 
the  atmospheric  air.  Besides  oxygen,  rain  water  absorbs 
carbon  dioxide,  ammonia,  and  nitric  acid.  The  farther 
above  the  surface  of  the  earth  rain  water  is  collected,  the 
more  nitric  acid  it  contains;  and  the  nearer  to  the  earth's 
surface  it  is  collected,  the  more  anunonia  is  found  in  it. 
The  reason  for  this  is  that  the  ammonia  emanating  from 
the  soil  is  gradually  oxidized  into  nitric  acid  as  it  rises 
into  the  higher  regions  of  the  atmosphere.  Thus  1  litre 
of  water  contains ;  Ammonia  at  7  metres,  5. 94  nigm. ;  at 
47  metres,  2  mgm.  Nitric  acid  at  7  metres,  5.68  mgm. ; 
at  47  metres,  7.36  mgm.  Rain  water  contains  from  seven 
thousand  to  twenty  thousand  bacteria  in  1  c.c,  which 
explains  wliy  it  undergoes  rapid  fermentation  on  standing. 
Bujwid,  who  examined  a  hailstone  6  cm.  long  and  3  cm. 
thick,  found  twenty-one'  thousand  bacteria  in  1  c.c.  of 
melted  ice.  Fontin,  at  St.  Petersburg,  discovered  in  a 
hailstone  a  coccus  that  proved  pathogenic  to  mice. 

Schmelcli,  in  examining  some  ice  from  high  mountains, 
in  high  latitudes,  where  organic  life  is  not  abundant, 
found  but  two  microbes  in  a  cubic  centimetre  of  ice  from 
lostedlasbrli  in  NorwaJ^  Rain  water  is  a  soft  water  and 
very  good  for  washing  purposes;  when  used  for  drink- 
ing purposes,  the  first  portions  of  it  should  always  be 
rejected. 

(b)  Surface  Water. — The  term  surface  water  is  applied 
to  the  water  contained  in  rivers,  brooks,  and  ponds,  into 
which  the  earth's  surface  is  drained,  especially  after 
heavy  rains.  The  composition  of  such  water  is  influ- 
enced by  local  conditions,  depending  partly  on  the  geo- 
logical formation  of  the  place,  partly  upon  the  character 
and  amount  of  sewage  washed  into  it  and  furnished  by 
the  towns  in  the  vicinity.  Epidemics  of  typhoid  and 
cholera,  traceable  to  infected  river  water,  continue  to  I'e- 
cur  with  frequency,  and  these  would  be  still  more  fre- 
quent than  they  are,  were  it  not  for  the  self-purification 
of  river  water  and  the  nitrifying  action  of  a  certain  class 
of  saprophytic  water  bacteria.  Such  water,  therefore, 
needs  a  thorough  chemical  and  bacteriological  examina- 
tion before  being  taken  on  board,  unless  it  comes  from  a 


place  where  sand  filtration  is  used,  and  where  all  sewage 
is  thus  filtered  before  it  is  allowed  to  pass  into  the  river, 
brook,  or  lake. 

(c)  Ground  Water. — That  portion  of  rain  water  which 
neither  evaporates  immediately  nor  flows  off  into  rivers 
and  brooks,  but  which  gradually  drizzles  down  into  the 
deeper  layers  of  the  soil,  until  it  strikes  an  impermeable 
layer  of  clay,  upon  which  it  accumulates,  is  known  as 
ground  water.  As  such  it  may  feed  a  neighboring  well 
or  find  its  way  to  the  surface  again  in  the  form  of  a 
spring.  Borings  often  reveal  the  existence  of  several 
such  subsoil  lakes  superimposed.  The  water,  while  driz- 
zling through  the  permeable  layers,  gives  up  suspended 
matters,  but  takes  up  soluble  ones  instead,  and  hence  its 
composition  is  essentiallj^  different  from  that  of  either 
rain  or  surface  water.  All  those  particulate  impurities 
which  rain  water  washes  down  from  the  atmosphere  it 
loses  in  the  uppermost  layers  of  the  permeable  soil  and 
before  it  becomes  ground  water;  the  organic  matters  are 
destroyed  by  oxidation,  furnishing  carbonic  and  nitric 
acids.  Ground  water,  when  obtained  at  a  depth  of  20 
metres  below  the  surface  and  well  protected,  has  an 
agreeable  taste  and  should  possess  a  temperature  repre- 
senting the  mean  annual  temperature  of  the  place, 
which  temperature  is  accepted  as  the  most  favorable 
temperature  which'  a  good  drinking-water  should  pos- 
sess. All  the  superfluous  ground  water  flnallj-  flows  off' 
into  subterranean  rivers  and  lakes,  which  in  turn  are 
drained  into  the  all-engulflng  sea  to  start  on  a  new  round 
in  its  circulation.  Such  water  is  probably  the  best  that 
can  be  obtained  from  natural  sources. 

In  the  royal  navy  of  England  and  in  the  navy  of  the 
United  States,  the  rule  is  that  no  water  is  to  be  taken  or 
used  on  board  xmtW  it  has  been  examined  and  passed  by 
the  surgeon.  In  home  ports,  the  water  is  either  direct!}" 
pumped  on  board  from  the  city  mains  or  it  comes  along- 
side the  ship  in  a  water  boat.  The  latter  method  is  usu- 
ally bad  and  the  water  is  often  found  contaminated,  owing 
to  leaky  bottoms  and  leaky  decks.  No  wooden  water 
barge  should  be  allowed  to  bring  drinking-water  on 
board  a  ship.  In  many  foreign  ports,  recourse  is  had  to 
fetching  the  water  from  shore  by  clearing  the  ship's 
boats  of  all  removable  gear  and  then  filling  them  witli 
water  directlj' from  the  main;  finally  towing  the  boats 
back  to  the  ship  and  pumping  the  water  on  board.  All 
these  methods  are  objectionable,  because  no  boat  is  abso- 
lutely water-tight  and  sea  water  is  bound  to  leak  into  it. 

A  time  may  come  when  it  becomes  necessary  to  take 
a  battalion  of  men  on  shore  and  quarter  them  in  a  town 
for  some  time.  Under  such  circumstances  experience 
has  shown  the  following  rules  to  be  wortliy  of  adoption: 
(1)  Let  the  men  take  their  water  from  the  same  places 
from  which  the  inhabitants  draw  theirs;  these  places 
should  be  plotted  down  by  the  officers  arranging  for 
quarters  for  the  men.  In  case  the  water  supply  of  the 
town  is  not  free  from  suspicion,  avoid  taking  water  from 
wells  in  sloping  streets  and  from  those  which  are  located 
in  the  neighborhood  of  poor  dwellings,  factories,  dung- 
heaps,  and  avoid  likewise,  if  you  can,  water  flowing 
through  the  town;  take  it,  if  possible,  from  a  point 
above  the  town.  (2)'Make  provision  against  the  con- 
tamination of  the  town  water  bj^  the  men  themselves, 
who  should  be  instructed  in  how  best  to  avoid  dangers 
from  such  a  cause.  (3)  Mark  the  good  wells  from  the 
bad  ones.  (4)  Wells  tliat  have  been  out  of  use  for  some 
time  must  first  be  pumped  out  before  they  can  be  used 
again.  (5)  Contaminated  wells  must  be  placed  under 
guard.  (6)  The  too  frequent  and  too  copious  use  of  a 
well  is  to  be  avoided  because  large  draughts  would 
cause  a  too  rapid  flow  of  the  neighboring  ground  water 
in  the  direction  of  the  well,  through  the  subsoil,  which 
might  seriously  interfere  with  the  filtering  capacity  of 
such  a  soil,  resulting  in  drawing  impurities  in  with  it. 
(7)  In  the  case  of  wells,  small  rivers,  and  brooks,  dams 
can  be  built  in  several  places,  of  which  the  highest  may 
be  used  for  drinking  purposes  for  the  men,  the  lower  for 
the  animals  and  for  cleansing  purposes.  (8)  In  case  of 
rivers  and  shallow  lakes,  small  bridges  and  w^aterways 
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should  be  constructed  so  as  to  enable  the  men  to  get  their 
water  farther  away  from  the  shore  and  prevent  them 
from  stirring  up  the  sediment  at  the  bottom,  which  may 
harbor  pathogenic  germs.  (9)  In  case  the  water  has  been 
rendered  turbid  by  heavy  rains,  small  wells  may  be  sunk 
near  the  river  and  the  liltering  action  of  the  soil  or  sand 
be  taken  advantage  of ;  such  wells  must  be  protected  and 
covered  over  by  boards.  (10)  If  the  soil  permits,  tubu- 
lar wells  may  be  bored. 

In  France,  Pasteur  filters  have  been  most  generally  in- 
troduced into  all  barracks.  The  water  runs  through 
these  filters  under  a  pressure  of  10  metres,  and,  in  places 
where  this  pressure  cannot  be  obtained  by  natural  means, 
it  is  produced  by  artificial  means. 

The  great  danger  to  troops  is,  as  we  all  know,  typhoid 
fever.  No  army  seems  to  escape  a  cei'tain  amount  of  it. 
The  typhoid  bacillus  respects  neither  race  nor  climate 
and  is  practically  ubiquitous.  Extensive  experiments 
are  now  under  way  in  England  and  other  parts  of  Eu- 
rope on  the  subject  of  the  possible  chances  of  vaccinating 
soldiers  against  typhoid,  cholera,  plague,  and  other  dis- 
eases. The  mortality  from  typhoid  among  the  English 
troops  in  South  Africa  has  been  so  great  as  to  induce 
some  of  the  best  English  bacteriologists  to  engage  in 
serious  experimentation  in  that  direction. 

For  the  purpose  of  sterilizing  a  suspected  water  in  the 
field,  in  the  absence  of  means  for  boiling  large  quantities 
of  it,  the  method  of  Schumburg  is  the  best.  He  uses 
bromine  to  render  the  water  germ-free  and  removes  the 
bromine  afterward  by  the  addition  of  ammonia.  The 
apparatus  comes  conveniently  packed  in  a  box  with  the 
chemicals  ready  for  use,  and  in  quantities  weighed  out  so 
as  to  sterilize  any  given  amount  of  water  in  five  minutes. 

2.  Supply  Through  DisTiuiiATioN  prom  Sea  Water. 
— If  rivers,  brooks,  and  lakes  are  the  drainage  basins  into 
which  flows  the  surface  water  of  certain  small  circum- 
scribed geographical  areas,  the  great  oceans  may  be  said 
to  receive  the  combined  drainage  of  all  the  continents  of 
the  globe.  From  a  chemical  viewpoint,  perhaps  one  of 
the  principal  differences  between  ground  water  and  sea 
water  is  found  in  the  large  percentage  of  salts  that  are 
contained  in  the  latter.  Tliese  salts  perform  an  impor- 
tant function  which  it  is  well  to  keep  in  mind.  They 
assist  in  the  penetration  of  solar  heat,  which  otherwise 
would  act  on  the  surface  only;  salts  also  retard  evapor- 
ation. Sea  water  teems  witli  living  organisms  which, 
but  for  the  preserving  action  of  the  brine,  would  die,  and 
the  products  of  their  decomposition  would  render  a  life 
at  sea  practically  unbearable  if  not  altogether  impossible. 
The  salts  in  sea  water  also  are  the  efficient  causes  of  some 
of  its  circulating  currents.  Those,  for  instance,  from  the 
Mediterranean  into  the  Atlantic,  according  to  Maury,  owe 
their  main  strength  to  this  agency.  The  freezing  point 
of  sea  water  is  put  down  as  27.2°  F.  The  specific  gravi- 
ties, according  to  location,  are  as  follows:  (1)  North  At- 
lantic, 1.02676;  (2)  South  Atlantic,  1.02664;  (3)  North 
Pacific,  1.02658;  (4)  South  Pacific,  1.02548. 

The  temperature  of  the  sea  water  is  higher  than  that 
of  the  ground  water  of  the  same  region.  It  varies,  of 
course,  with  the  latitude  and  the  depth,  and  is  greatly 
influenced  by  the  circulation  of  the  various  currents 
coming  from  different  localities.  The  Atlantic  is  the 
coldest,  the  Indian  Ocean  the  warmest. 

TABI.K  XIII. 
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3.0.50 
1.350 


Hard- 
Nj;ss. 
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The  composition  of  sea  water  has  been  found  to  vary 
.somewhat  in  different  places  and  at  different  depths.  In 


the  vicinity  of  the  poles,  the  percentage  amount  of  salts 
is  somewhat  less  than  at  the  equator,  while  in  certain 
parts  of  the  Mediterranean  more  salt  is  found  than  in  the 
great  oceans.  The  average  composition  of  sea  water  is 
given  in  the  preceding  table  from  Notter,  to  which  has 
been  added  an  incomplete  and  partial  analysis  made  of 
the  water  in  the  Gulf  of  Paria. 

According  to  Hales,  it  was  Jean  Antoine  Gadesden 
who,  as  early  as  1516,  proposed  distillation  as  a  means  of 
rendering  sea  water  potable,  and  in  1560  Sebastien  de  la 
Palliere,  of  Sicily,  proposed  to  the  Duke  of  Moedina 
Coeli,  while  the  latter  was  besieged  by  the  Turks,  in  a 
fortress  in  which  the  cisterns  had  run  dry,  to  distil  sea 
water.  He  succeeded  in  producing  thirtj'-five  barrels  of 
potable  water  in  twenty-four  hours.  In  1717  Gauthier 
made  an  unsuccessful  attempt  to  introduce  distillers 
on  board  ship.  After  him,  Lind  proposed  to  utilize  the 
steam  coming  from  cooking  utensils  and  condense  it  by 
leading  it  through  cold-water  tanks.  Three  years  later, 
Poissonier  designed  a  distiller  which  was  similar  to  that 
of  Lind,  but  which  again  failed  of  adoption  on  account 
of  its  taking  up  too  much  room  on  board !  Finally  Irv- 
ing designed  a  distiller  for  which  he  received  a  pension 
of  £500  from  the  English  Government.  All  this  shows 
how  much  the  necessity  for  an  apparatus  of  this  sort 
was  felt.  A  rather  long  time,  however,  had  yet  to  pass 
before  distilling  became  as  general  and  practicable  as  it 
is  now.  There  is  perhaps  no  seagoing  man-of-war  at  the 
present  day  that  is  not  provided  with  one  or  more  of 
these  distillers,  of  which  there  are  a  large  number  of  pat- 
terns. 

In  the  French  navy  the  "Cousin,"  modified  by  Mou- 
raille  &  Co.,  and  the  "Normandy,"  Avliich  latter  has  the 
evaporator  and  conden.ser  imited  into  one  apparatus,  are 
generally  in  use.  A  special  refrigerator  by  Perroy  and 
a  condenser  by  Eraser  are  also  in  common  use.  In  the 
English  navy  the  "Normandy,"  "Kirkaldy  and  Caird," 
and  "  Raynor  "  are  employed.  In  the  Austrian  navy  the 
French  distillers  have  been  adopted.  The  United  States 
Naval  Standard  Evaporator  is  made  of  several  sizes,  the 
largest  of  which  possesses  a  iDroductive  capacity  of  ten 
thousand  gallons  of  distilled  water  per  diem.  The  gen- 
eral design  is  identical  for  all  sizes.  The  apparatus  con- 
sists of  two  parts,  namely :  (1)  the  evaporator  and  (2)  the 
distiller,  sometimes  called  the  condenser.  The  evapor- 
ator consists  in  a  hollow  cylindrical  shell,  made  of  steel 
and  placed  horizontally.  The  lower  half  of  this  cylinder 
is  partially  or  loosely  occupied  by  tubes  running  length- 
wise, and  fixed  in  their  position  at  either  end  to  a  pair  of 
plates  which  permit  of  the  tubes  being  removed  for  scaling 
in  their  entirety.  The  tubes  are  connected  with  the  main 
boilers,  from  which  steam  is  run  into  them  generally  at  a 
pressure  not  exceeding  forty  pounds.  The  sea  water  in- 
tended for  distillation  fills  that  portion  of  the  lower  half 
of  the  cylinder  which  is  outside  the  tubes,  but  not  quite 
reaching  the  upper  level  of  the  highest  tubes.  It  is  in- 
deed the  intention  that  the  tubes  shall  not  be  completely 
immersed  in  the  salt  water,  the  upper  level  of  which  is, 
on  the  contrary,  maintained  considerably  below  the  top 
of  the  tubes.  The  customary  pressure  within  the  shell 
is  about  ten  pounds.  By  the  use  of  the  valves,  the  dens- 
ity of  the  sea  water  is  generally  maintained  at  The 
tubes  of  the  distiller  are  made  of  tinned  copper  or  brass; 
the  joints  are  soldered.  Thus  we  see  that  the  evapor- 
ation of  the  sea  water  is  caused  by  the  heat  imparted  to 
it  through  the  steam  in  the  pipes  which  the  sea  water 
surrounds.  The  steam  itself  does  not  mix  with  the  sea 
water.  The  distiller  or  condenser  is  a  cylinder,  made  of 
brass  or  iron  in  various  sizes,  placed  vertically  and  fitted 
with  straight  tubes  for  circulating  cooling  water,  which 
is  made  to  enter  at  the  bottom  and  disciiarge  at  the  top. 
The  steam  to  be  condensed  passes  through  the  condenser 
in  the  inverse  sense. 

On  vessels  which  are  equipped  with  very  large  plants 
for  distilling  water,  the  apparatus  is  arranged  differently 
from  the  above.  The  work  of  distilling  is  divided  into 
two  or  three  stages  and  the  working  efficiency  of  the 
plant  is  thereby  correspondingly  increased.    Under  this 


169 


Aaval  Hygiene, 
Naval  Hygiene. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


system,  steam  from  the  boilers  is  used  to  evaporate  the 
water  in  the  first  set  of  evaporators;  this  evaporated 
steam  is  used  to  heat  and  evaporate  the  water  contained 
in  the  second  set  of  evaporators,  and  this  in  turn  is  made 
to  evaporate  the  water  contained  in  a  third  set.  This  last 
steam  is  finally  condensed  to  water  in  a  distiller  of  the 
above  description.  This  S3^stem  more  than  doubles  the 
actual  thermal  eihciency  of  the  distilling  apparatus,  but  it 
is  not  installed  except  in  very  large  ships,  on  account  of 
the  complications  in  mechani- 
cal fittings  which  it  necessi- 
tates. 

The  precautions  usually  ob- 
■5JJ 


Fig.  3508.— (From  Kirehner.)  Tlie  Transatlantic  liners  of  the  North  German  Lloyd  are 
equipped  with  distillers  of  the  "  Acme  "  patent.  These  were  pieferred  on  account  of 
their  combining'  preat  elflcacy,  small  space  and  ease  with  which  they  can  be  handled 
and  worked.  The  (  (imlcnser  is  shown  in  the  adjoining  two  figures  ji  and  B.  The 
steam  generated  in  an  auxiliary  boiler  Is  made  to  enter,  at  D.  into  the  condenser,  which 
consists  of  a  vertical  cyliuder,  110  cm.  long  and  36  cm.  in  diameter.  The  steam  now 
passes  Into  a  number  of  tubes,  made  of  thin  copper  r  1\  outside  of  which  a  constant 
and  rapid  stream  of  cold  sea  water  passes  from  below  upward,  entering  at  KZ  and 
leaving  the  cooler  at  KA.  The  distilled  water,  at  the  lower  end  of  the  condenser, 
enters  a  charcoal  filter,  F,  where  it  is  purified,  and,  at  the  same  time,  aerated  by  the  air 
coming  in  through  the  tube  L,  with  which  it  is  here  in  communication.  The  water, 
both  filtered  and  aerated,  is  finally  collected  at  TA.  The  apparatus  furnishes  18  cubic 
metres  of  good  potable  water  in  twenty-four  hours.  The  warships  of  the  imperial 
German  navy  are  all  equipped  with  distillers  made  on  the  same  principle  as  those  of  the 
"  Acme  "  patent. 

served  are  as  follows:  (1)  The  plant  is  operated  only 
when  pure  sea  water  is  obtainable.  (2)  For  drinking- 
water,  the  plant  is  not  ojierated  to  its  full  capacity,  in 
order  to  reduce  priming  or  carrying  salt  water  directly 
over  into  the  distillate.  (3)  Tests  of  the  complete  plant  are 
made  daily  to  insure  tightness  of  all  the  joints.  (4)  The 
water  level  in  the  evaporators  is  kept  low.  (5)  When  the 
ship  is  under  way  and  rolling  heavily ,  the  plant  is  worked 
at  its  lowest  capacity.  (6)  The  pressure  of  the  cooling 
water  in  the  distiller  is  limited  by  departmental  order 
to  thirty  pounds,  which  is  to  minimize  the  danger  of  salt 
water  leaking  into  the  distillate.  (7)  Tests  of  the  distil- 
late are  made  every  fifteen  minutes. 

The  process  of  distillation,  however,  always  involves 
an  expense  which  sometimes  may  be  considerably  greater 
than  the  price  at  which  good  drinking-water  can  be 
bought  on  shore,  and  then  it  becomes  the  dutjr  of  com- 
manders of  vessels  to  secure  such  water  when  of  good 
quality  and  whenever  practicable.  Besides,  the  process 
of  distilling  is  not  always  faultless  and  the  product  occa- 
sionally needs  looking  into. 


Water  Distilled  from  Sea  Water. — Although  the  water- 
obtained  from  sea  water  by  distillation  may  not  be  abso- 
lutely pure,  it  has  nevertheless  stood  the  test  of  many 
years'  practical  experience,  and  hence  must  be  consid- 
ered to  be  harmless.  The  mineral  salts,  contained  in  sea 
water,  sodium  and  magnesium  chloride,  lime,  alkalies, 
acids,  bromine,  iodine,  etc.,  especially  magnesium  chlor- 
ide, in  decomposing  during  the  process  of  distillation, 
vitiate  the  product  to  a  certain  degree.  In  order  to  ob- 
viate these  objectionable  features,  Rubner  ("Lehrbuch  d. 
Hygiene  ")  proposes  the  following  preliminary  treatment- 
of  salt  water  before  distilling:  The  saltwater  is  to  be 
mixed  with  milk  of  lime  in  special  tanks  and  kept,  being 
constantly  stirred  up,  for  fifteen  minutes;  it  is- 
then  heated  up  to  a  temperature  of  about  60^ 
C.  by  steam.  All  organic  matter  is  thus  de- 
stroyed and  coagulated.  Magnesium  chloride 
is  decomposed  by  the  lime  and  the  magnesia  is- 
precipitated.  After  all  has  settled  the  water  is- 
siphoned  oil  and  distilled.  This  preliminary 
t  reatment,  if  it  could  be  carried  out  practically, 
would  no  doubt  result  in  a  more  uniform  pro- 
duct of  distillation;  it  would,  however,  neces- 
sitate a  reconstruction  of  all  the  evaporators 
and  condensers  at  present  in  use. 

That  sea  water  under  the  present  system  of 
distillation  does  not  furnish  a  uniformly  pure 
jiroduct  may  be  seen  from  Table  XIV.,  which 
represents  an  almost  daily  though  partial  an- 
alysis of  such  water,  continued  for  nearly  a 
month.    Free  ammonia  was  determined  with 
Nessler's  reagent;  the  nitrites  were  qualita- 
tively determined  with  the  sulphanilic  acid 
and  naphthylamine  test;    the  nitrates  with 
brucine  and  sulphuric  acid;  chlorine  with  a 
volumetric  solution  of  silver  nitrate,  potassium 
chromate  as  indicator;  hardness  with  standard 
soap  solution ;  and  the  organic  matter,  repre- 
sented in  milligrams  of  oxygen,  was  deter- 
mined by  a  standard  solution  of  ijotassium 
permanganate.     All  these  sokitions 
Ta        were  made  on  board  ship  and  accord- 
— ►        ing  to  the  methods  given  in  Harring- 
ton's excellent  manual  of  "Practical 
Hygiene."    The  analyses  show  that 
the  water  produced  in  our  distillers 
always    contains    quite  appreciable 
quantities  of  chlorine,  lime,  and  mag- 
nesium  salts   (represented   by  hard- 
ness), and  also  organic  matter;  less 
frequently  ammonia,  and  still  less  fre- 
quently   nitrites   and    nitrates.  All 
these,  in  the  above  quantities,  must  be 
considered  harmless.    With  few  ex- 
ceptions the  water  was  free  from  odor 
and  perfectly  colorless. 

An  important  point,  to  which  it  is 
necessary  to  call  attention  in  connection  with  the  chemi- 
cal composition  of  water  distilled  on  board  ship,  is  the 
hygienic  significance  of  it.  It  will  be  seen  at  once  that 
we  must  judge  this  from  a  standard  entirelj^  diilerent 
from  the  one  in  accordance  with  which  we  would  judge' 
a  surface  or  a  ground  water.  Ammonia,  nitrites,  nitrates, 
as  also  chlorides,  when  found  in  a  properly  collected  sam- 
ple of  river  or  well  water,  would  justly  arouse  great  sus- 
picion, while  the  same  chemical  compounds  in  the  water 
distilled  from  sea  water  arouse  no  such  suspicion.  These 
stand  simply  for  a  certain  amount  of  nitrogen  in  different 
stages  of  oxidation  and  are  otherwise  perfectly  harmless, 
in  the  quantities  in  Avhich  tliey  appear.  No  living  or- 
ganism, neither  an  animal  nor  a  vegetable  parasite,  ca- 
pable of  producing  disease  could  possiblj''  survive  such 
a  process  of  distillation. 

The  following  table  is  interesting  from  quite  another 
point  of  view;  it  shows  that,  while  a  small  quantity  of 
organic  matter  is  constantly  present  in  the  distillate,  am- 
monia, nitrates,  and  nitrites  are  almost  as  constantly  ab- 
sent.   This  would  indicate  an  almost  absolute  absence 
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of  all  oxidation  during  distillation.  When,  however,  we 
consider  that  the  salt  water,  from  which  our  distillate  is 
obtained,  does  not  come  directly  from  the  sea,  but  has 
already  been  used  as  condense  water  and  gone  through 
the  distiller  in  which  it  has  been  lieated  up  to  a  high 
temperature,  then  this  is  easily  explained.  By  the  time 
such  water  arrives  in  the  evaporator  as  feed  water,  all 
the  air  has  been  driven  out. 

Table  XIV.— Tabulated  Results  of  twenty-Two  Analyses  of 
Water  Distilled  from  Salt  Water  by  the  United  States 
Standard  Evaporator. 


U.  S.  S.  Prairir, 
Gulf  of  Paria. 
January,  l'.IU2. 

Free  ammonia. 

Nitrites. 

Nitrates. 

Chlorine, 
in  milligrams 
per  litre. 

Hardness, 
In  milligrams 
calcium  chloride. 

1  Organic  matter, 
1   represented  in 
1     milligrams  ot 
1  oxygen  per  litre. 

3  

+ 

0 

0 

320 

10.0 

0.0 

i  

0 

0 

0 

30 

5.0 

3.0 

5   

+ 

0 

0 

20 

4.0 

3.5 

6  

+  + 

0 

0 

10 

6.0 

1.7 

7  

+ 

0 

0 

50 

11.0 

3.6 

8  

+  + 

0 

0 

20 

16.0 

2.0 

9  

+ 

0 

0 

24 

7.0 

3.2 

10  

0 

0 

0 

130 

13.0 

6.5 

13  

+ 

0 

0 

8 

4.0 

3.0 

U  

+ 

0 

0 

12 

4.0 

3.0 

16  

+ 

0 

0 

20 

3.5 

3.0 

17  

+ 

0 

0 

30 

6.0 

3.0 

18  

+  + 

+  + 

+ 

160 

10.0 

4.0 

20  

0 

0 

0 

30 

4.5 

4.5 

21  

0 

0 

0 

30 

5.0 

5.0 

22  

0 

0 

0 

30 

5.0 

3.0 

23  

0 

+  + 

0 

90 

10.0 

3.5 

25  

0 

0 

0 

13 

7.0 

3.0 

26  

0 

0 

0 

20 

8.0 

3.0 

27  

0 

0 

0 

33 

6.0 

3.0 

28  

0 

0 

0 

80 

8.0 

130.0 

30  

0 

0 

0 

33 

5.0 

3.0 

T/ie  Stotmge  and  Distribution  of  Water  on  Board. — If, 
notwithstanding  the  fact  that,  as  we  have  seen;  no  rea- 
sonable objections  can  be  entertained  from  a  sanitary 
point  of  view  against  the  water  distilled  on  board  ship, 
complaints,  and  very  pressing  ones,  are  still  often  heard 
against  the  drinking-water  supplied  to  officers  and  men, 
what  are  they  due  to?  In  almost  every  instance  to  un- 
clean tanks  and  faulty  pipe  connections,  as  perhaps  the 
following  instance  from  my  own  experience  will  best 
serve  to  iUustrate.  It  was  not  many  days  after  our 
ship  had  been  placed  in  commission  and  her  officers  and 
men  had  begun  to  live  on  board,  that  the  ]3resximably 
pure  and  distilled  water  was  found  absolutely  non-pot- 
able and  everybody  refused  to  drink  of  it.  The  water 
was  undoubtedly  and  indescribably  bad.  A  sample  of  it 
was  immediately  collected  from  one  of  the  spigots  in  the 
galley,  under  the  usual  precautions,  and  analyzed,  with 
the  following  results : 

Ncjvember  26th,  1901,  sample  of  water  supposedly  dis- 
tilled : 

1.  Color. — Distinctly  yellowish,  very  turbid,  depositing 
on  standing  a  brownish  tlocculent  sediment. 

3.  Odor. — On  being  heated  in  a  flask  and  shaken,  a 
very  perceptible,  strong,  musty  odor  is  present. 

3.  Remli-ie. — On  evaporation  grayisli-white,  turning 
black  on  being  heated  to  redness. 

4.  Free  as  well  as  albuminoid  ammonia  present  in  large 
amounts,  forming  brownish  precipitate. 

5.  Nitrites. — Positive  reactions  with  the  starch  iodine 
test  as  well  as  with  the  sulplianilic  acid  and  uaphthyl- 
amine  test. 

6.  Chlorine. — ^NaCl,  2.5  gm.  per  litre. 

7.  Ilardnefis. — Equal  to  ninety  parts  of  calcium  chlor- 
ide in  ten  thousand  parts. 

8.  Nitrates. — Positive  reaction  with  brueine. 

9.  Lead. — Grayish  discoloration  with  hydrogen  sul- 
phide and  acetic  acid. 

10.  Organie  Matter. — In  abundance  and  not  determined 
quantitatively. 

Based  upon  the  results  of  the  above  analysis,  the  prob- 


able source  of  contamination  was  put  down  as  being  dirty 
salt  water  from  the  harbor  in  which  the  ship  was  lying; 
also  improperly  cleaned  tanks  and  pipes,  as  was  made 
apparent  by  the  water  giving  reactions  for  lead.  When 
the  result  of  this  analysis  and  the  inevitable  conclusions 
it  led  to  were  communicated  to  the  commanding  officer, 
an  immediate  inspection  of  the  entire  water-supply  sys- 
tem of  the  ship  was  made,  and  the  source  of  the  contami- 
nation quickly  and  decidedly  traced  to  a  very  faulty 
system  ot  pipe  connection  existing  between  the  sweet 
and  the  salt  water  reservoirs  on  board.  Owing  to  this 
connection,  it  was  impossible  to  draw  either  sweet  or 
salt  water  from  any  of  the  spigots  without  getting  a 
mixture  of  both  in  varying  proportions. 

The  bacteriological  examination  of  a  sample  of  this 
Avater,  made  at  the  Bacteriological  Laboratory  of  the 
Harvard  University  College  of  Medicine,  showed  the 
presence  of  liquefying  bacteria  in  large  numbers,  while 
that  of  a  sample  of  water  collected  from  the  distiller 
proved  absolutely  sterile. 

A  more  common  source  of  lead  in  ship's  drinking- 
water  is  found  in  the  pipe  joints,  especially  in  newly 
made  ones,  of  which  several  instances  have  recent!}^ 
come  to  our  notice.  The  red  lead  iised  for  the  purpose 
of  making  joints  water-tight  should  be  forbidden  and 
asbestos  used  instead,  in  all  pipes  used  for  water  distri- 
bution. Early  in  the  history  of  distilling  water  on  l  ioard 
ship  and  the  laying  of  pipes  for  its  convenient  distribu- 
tion, A.  Le  Fevre,  of  the  French  navy,  discovered  lead 
in  the  water;  and  quite  recently  Dr.  Cautellauve  (1891- 
92),  also  of  the  French  navy,  has  again  reported  several 
cases  of  lead  poisoning  from  the  same  cause,  during  his 
cruise  in  the  East  on  board  the  Troude. 

Time  and  space  do  not  permit  hereto  go  into  a  detailed 
description  of  the  various  methods  of  modern  water  analy- 
sis. Nor  is  it  necessary  to  mention  the  characters  that 
a  good  drinking-water  should  possess.  These  are  mat- 
ters of  general  hygiene  and  can  easily  be  found  in  every 
work  on  that  subject.  There  is  no  doubt  that  the  naval 
surgeon,  eqxiipped  with  a  practical  knowledge  of  the 
laboratory  methods  used  in  water  analysis,  will  be  well 
able  to  make  such  a  selection  of  apparatus  and  reagents, 
before  going  to  sea,  as  will  enable  him  to  make  a  very 
satisfactory  water  analysis,  wherever  and  whenever 
called  upon  to  do  so.  There  may  be  some  difficulties  as 
regards  accommodations  on  board  soi.ie  ships,  but  there 
are  none  that  cannot  be  overcome.  His  difficulties  cer- 
tainly cannot  be  greater  than  are  those  of  the  army  sur- 
geon in  the  field. 

The  water-supply  sj'stems  and  the  chemical  coiuposi 
tion  of  the  water  supplied  by  them,  of  ever}'  one  of  the 
islands  near  our  coast,  including  all  the  Antilles,  should 
be  systematically  investigated.  The  composition  of 
every  important  well  in  common  use  and  out  of  use  on 
every  island  should  be  known,  recorded,  and  ]ilotted  on 
geographical  maps  for  immediate  reference.  With  some 
encouragement  and  the  necessary  means  and  apparatus, 
this  work  could  easily  be  done  by  naval  medical  officers. 

III.  The  Ration. 

Foods  and  Nutrition  in  General. — While  it  cannot 
be  ex  peeled,  in  the  limited  space  allotted  to  this  paper, 
that  we  enter  at  all  into  the  special  physiology  of  nutri- 
tion or  into  the  chemistry  of  foods,  it  is,  on  1  he  other  hand, 
absolutely  necessary  and  tuiavoidable  briefly  to  touch 
upon  those  of  the  leading  principles  and  methods  accoi-d- 
ing  to  which  the  nutritive  values  of  those  of  the  food 
substances  in  common  use  on  board  all  sea-going  vessels 
and  included  in  the  navy  ration,  are  ordinarily  deter- 
mined. 

Daily  experience  and  observation  have  sufficiently  ac- 
quainted us  with  the  fact  that  the  physical  part  of'  our 
existence  consists  in  a  perpetual  and  constant  effort  on 
the  part  of  the  living  organism  to  adapt  itself  to  an  ever- 
changing  series  of  outside  conditions.  In  this  supreme 
effort  the  organism  uses  up  constantly  part  of  its  own 
organized  substance,  expending  it  as,  or  converting  it 
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into,  mechanical  work  and  heat.  If  the  body  weight  is 
to  be  maintained  and  the  life  of  the  organism  is  to  con- 
tinue successful  in  the  struggle,  this  exijenditure  in  or- 
ganized substance  must  be  made  good.  The  products 
of  wear  and  tear  incident  to  the  process  must  also  be 
promptly  removed. 

Since  the  source  of  the  energy  thus  expended  by  a  liv- 
ing animal  organism  can  be  restored  onlj'  through  the 
introduction  and  the  assimilation  of  certain  definite  ciuan- 
tities  of  organic  and  inorganic  food  substances,  tlieir 
suppl}',  preservation,  preparation,  digestion,  assimila- 
tion, and  dissimilation  have  been  among  the  i3rincipal 
subjects  of  stndy  and  investigation  on  the  part  of  physi- 
ologists. Since,  moreover,  the  supply  of  these  substances 
and  their  assimilation  must  vary  directly  with  the  energy 
expended  by  the  organism  in  a  given  time  and  under 
varying  conditions  of  environment,  a  balance  between 
supply  and  expenditure  must  be  maintained  and  the  in- 
fluence upon  it  of  different  conditions  be  known,  as  well 
as  the  relative  value  of  the  food  itself.  We  must  be  able 
to  measure  the  energy  expended  and  to  a.scertain  its  food 
e(|uivalent,  if  we  are  to  make  no  mistake  in  our  provi- 
sions. 

Since,  finally,  it  is  of  coequal  importance  to  the  life  of 
the  organism  that  the  products  of  wear  and  tear  should 
be  as  promptly  and  as  completely  eliminated  as  new  ma- 
terial is  appropriated,  the  maximum  working  efficiency 
of  the  living  machine  is  conditioned  not  only  by  a  proper 
balance  between  supply  and  demand,  in  accordance  with 
diHerent  environmental  and  subjective  conditions,  but 
is,  moreover,  determined  by  the  individual  capacity  for 
maintaining  a  liigh  balance  between  assimilative  and  dis- 
similative  functions.  The  latter  determine  the  difference 
between  two  individuals  and  between  different  races  of 
mankind.  This  functional  capacity  on  the  part  of  both 
the  individual  and  the  race  can  be  developed  and  in- 
creased through  systematic  training. 

According  to  Verworn,  tissue  metamorphosis  (Stoff- 
wechsel)  comprises  a  long  series  of  complicated  chemical 
processes,  beginning  with  the  entry  of  nutritive  sub- 
stances into  the  living  cells  of  the  body  and  ending  with 
tlieir  exit.  These  processes  follow  each  other  like  the 
links  of  an  unbroken  chain,  and  might  not  inaptly  be  rep- 
resented by  a  binomial  curve.  In  this  curve  the  ascned- 
ing  arm  would  then  represent  all  those  processes  which 
lead  to  the  repair  of  living  matter;  the  top  of  the  curve, 
those  highly  complicated  processes  leading  to  the  syn- 
thesis of  protoplasm  itself;  and  the  descending  arm,  the 
processes  leading  to,  and  finally  ending  in,  the  decom- 
position of  living  matter  into  the  simplest  end-products 
(urea,  carbonic  acid,  water,  etc.).  With  the  beginning 
and  the  ending  of  the  highly  complicated  process  and 
the  materials  found  at  these  two  points  we  are  fairly 
well  acquainted ;  the  rest  is  as  yet  wrapped  in  darkness. 

Foods,  in  the  physiological  sense,  are  classified  into  ni- 
trogenous, also  called  jiroteids,  and  non-nitrogenous,  in 
which  are  included  the  fats  and  carbohydrates.  While 
fats  and  carbohydrates  may,  to  a  certain  extent,  be  sub- 
stituted for  one  another,  non-nitrogenous  substances  can 
never  be  made  to  take  the  place  of  proteids  in  nutrition. 
The  latter  must  be  regarded  as  by  far  the  most  important 
food  substances  and  as  absolutely  indispensable  parts  of 
a  complete  and  perfect  diet. 

The  2)roteids  form  the  chief  components  of  the  cells  in 
the  tissues  of  all  plants  as  well  as  animals,  and,  accord- 
ing to  the  researches  of  Voit  andPettenkofer,  the  absorp- 
tion and  ozonization  of  oxygen  and  its  effect  ypon  all  the 
chemical  processes  within  the  cells,  are  entirely  under  the 
direct  control  of  the  nitrogenous  part  of  their  tissues. 
Without  the  participation  of  the  nitrogenous  tissues, 
neither  oxidation  nor  any  manifestation  of  energy  is 
possible.  Mechanical  motion  and  heat  may  be  evolved 
through  the  oxidation  of  both  fats  and  carbohydrates, 
but  the  initiative  to  the  manifestations  of  these  must  be 
given  by  the  tissues  containing  nitrogen.  Proteids  have, 
moreover,  been  found  to  produce  fats  and  possibly  also 
carbohydrates  under  certain  conditions. 

Fats  are  chemical  compounds  consisting  of  a  trivalent 


alcohol,  glycerin,  and  three  molecules  of  a  monobasic 
acid,  chiefiy  stearic  acid,  palmitic  acid,  and  oleic  acid  in 
different  proportions.  They  all  contain  hydrogen  and 
oxygen  as  well  as  carbon,  but  no  nitrogen,  their'general 
formula  being  represented  by  CoHi.O.  The  formula 
suggests  that  the  fats  need  oxygen  in  large  quantities  for 
their  complete  conversion  into  water  and  carbon  dioxide. 

The  carbohydi-ates  comprise  the  sugars  and  the  stai-ches 
which  are  for  the  most  part  of  vegetable  origin.  It  has 
been  shown  that  the  formation  of  starch  granules  in  the 
green  plant  goes  on  hand-in-hand  with  the  decomposition 
of  carbon  dioxide  by  the  chlorophyl  granules,  under  the 
influence  of  sunlight.  On  the  hypothesis  of  von  Baeyer, 
the  carbon  (C)  of  the  carbon  dioxide,  the  moment  it  is 
set  free,  combines  with  the  water  (HoO),  taken  up  by  the 
roots  of  the  plant,  and  forms  one  molecule  of  formalde- 
hyde (CH2O).  Six  of  these  molecules  of  formaldehyde 
now  link  together  by  polymerization  and  form  one  mole- 
cule of  a  monosaccharid  (CeHioOe)  and  through  further 
polymerization  of  the  monosaccharids  thus  formed,  and 
with  the  loss  of  one  molecule  of  water  by  each,  starch 
finally  results  (CsHioOj).  This  hypothesis  has  met  with 
the  most  general  acceptance.  In  the  group  of  the  car- 
bohydrates also  belong  cellulose  and  pectin.  Cellulose 
forms  the  solid  skeleton  and,  when  boiled  with  dilute 
sulphuric  acid,  it  gives  dextrin  and  glucose.  Pectin  is 
the  vegetable  jelly  found  in  various  ripe  fruits. 

All  living  organisms  must,  moreover,  have  a  certain 
amount  of  oxygen,  without  which  life  is  impossible ;  and, 
lastly,  wate?' and  salis.  Indispensable  are  sodium,  potas- 
sium, magnesium,  calcium,  and  iron,  and  their  combina- 
tions with  phosphoric,  sulphuric,  carbonic,  and  .  hydro- 
chloric acids. 

Food  Value. — The  food  value  of  an  eatable  substance 
is  generally  expressed  by  the  number  of  calories  or  heat 
units  which  1  gm.  or  any  other  definite  quantity  of 
it  will  develop,  when  completely  burned  in  a  calorime- 
ter. The  amount  of  heat  that  is  developed  during  the 
combustion  of,  for  instance,  1  gm.  of  substance  in  a  calo- 
rimeter is  exactly  the  same  as  that  which  is  produced 
when  1  gm.  of  tlie  same  substance  is  completely  oxidized 
within  the  body.  In  a  living  organism  about  thirty  per 
cent,  of  this  value  can  be  put  out  in  the  form  of  mechani- 
cal work,  while  the  remainder  passes  off  in  the  form  of 
heat.  We  know,  thanks  to  the  researches  of  Voit,  that 
an  average  adult  laborer,  performing  his  daily  work, 
puts  out  in  mechanical  work  and  heat  the  equivalent  of 
about  three  thousand  calories.  In  order,  therefore,  that 
the  man  shall  not  lose  in  weight,  his  daily  diet  must  be 
such  as  to  balance  his  loss  and  have  a  combined  caloric 
value  of  at  least  three  thousand  imits.  If  we,  further- 
more, will  take  into  calculation  that  about  four  hundred 
of  the  imits  at  least  must  come  from  proteids,  five  hun- 
dred from  fats,  and  the  remainder  from  carboliydrates, 
we  have  the  most  necessary  data  for  the  calculation  of 
the  man's  diet.  Thanks  to  the  labors  of  Voit  and  Rub- 
ner  and  their  numerous  pupils,  these  determinations  have 
been  greatly  simplified  in  recent  years. 

Outside  conditions,  personal  and  racial  habits,  climate, 
age,  and  sex  may  alter  the  relative  proportions  of  pro- 
teids, fats,  and  carbohydrates  in  a  certain  diet,  but  the 
above  proportions  must  stand  as  answering  to  the  aver- 
age requirements  of  an  adult  workingmau  in  a  temper- 
ate climate.  In  calculating  the  dietary  value  of  a  ration, 
we  must  also  allow  for  an  unavoidable  loss  in  the 
preparation  of  the  different  parts  of  it.  In  meats,  a  loss 
of  twenty  per  cent,  of  the  raw  material  is  generally  al- 
lowed for  bones ;  witli  salted  herrings,  thirty-seven  per 
cent. ;  pickled  herring,  twenty-nine  per  cent. ;  potatoes 
boiled  and  then  peeled,  seven  per  cent. ;  potatoes  peeled 
raw,  thirty  per  cent. ;  if  eggs  be  used,  ten  ])er  cent,  in 
weight  is  deducted  for  the'shell,  etc.  Another  source  of 
loss  from  the  gross  weight  is  in  the  ditl'erent  degrees 
of  digestibility  of  foods,  for  which  allowance  must  also 
be  made.  As  a  general  rule,  animal  foods  are  much 
more  completely  digested  than  foods  of  vegetable  origin. 
Rubner  has  shown  that  proteids  from  meat  and  milk  dis- 
appear almost  entirely,  while  those  from  bread  and  espe- 
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Table  XV. 


In  100  Parts  are  Contained: 

Nutrient  Unit  in  : 

Sum  Nutrient 
Units  in  : 

Protcids. 

Fats. 

Carbo- 
hydrates. 

Ash. 



Cellul. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

100  gm. 

17.0 

29.5 

1.0 

59.5 

259.5 



319.0 

95.0 

31.0 

5.5 

1.0 

73.5 

48.4 

133.0 

37.0 

30.5 

1.5 

1.0 

71.7 

13.2 

85.0 

35.0 

lti.5 

39.0 

1.0 

.57.7 

2.55.3 

313.0 

94.0 

17.0 

6.0 

1.0 

.59.5 

.52.8 

113.0 

34.0 

17.0 

18.0 

1.0 

.59.5 

158.4 

218.0 

65.0 

U.5 

37.5 

1.0 

.50.7 

330.0 

380.7 

114.0 

30.5 

7.0 

1.0 

71.7 

61.6 

133.3 

40.0 

.5 

98.2 

1.7 

864.2 

865.9 

260.0 

.5 

98.2 

1.7 

864.2 

865.9 

260.0 

19.3 

7.2 

"  .8 

67.2 

63.4 

103.6 

31.0 

30.3 

6.8 

1.1 

60.9 

.59.9 

120.8 

36.4 

21.0 

3.0 

1.0 

73.5 

17.6 

91.1 

37.3 

21.7 

3.6 

1.1 

76.0 

22.9 

98.9 

39.7 

(59.5 

5.8 

1.1 

243.2 

.51.4 

294.6 

88.4 

51.7 

13.4 

181.0 

117.9 

398.9 

89.7 

34.5 

8.9 

131.0 

78.3 

199.3 

.59.8 

0.5 

76.0 

L'i 

33.3 

668.8 

703.0 

310.6 

1.7 

94.5 

5.4 

6.0 

831.6 

837.6 

351.3 

39.0 

11.5 

4.0 

101.5 

101.2 

303.7 

60.7 

33.8 

14.0 

4.0 

81.5 

133.3 

304.7 

61.4 

38.8 

6.4 

1.8 

ia5.8 

.56.3 

192.1 

57.6 

29.5 

8.0 

103.3 

70.4 

173.6 

.53.0 

25.9 

2i.b" 

80.6 

2.0 

83.6 

34.8 

35.4 

55!3 

1.8 

133.9 

485.8 

609.7 

183.9 

9.7 

75.7 

5.3 

34.0 

666.2 

700.3 

210.0 

24.5 

36.5 

10.5 

85.7 

321.2 

406.9 

122.0 

12.87 

34.43 

10.53 

3.3 

45.0 

315.0 

is.i)' 

398.9 

89.7 

37.31 

19.88 

1.5.1 

.5.5 

95.6 

174.9 

55.9 

336.4 

97.9 

ir.5 

40.0 

.5.5 

61.2 

353.0 

413.2 

134.0 

19.0 

17.0 

16.5 

66.5 

1.50.0 

216.5 

64.9 

33.0 

2.0 

24.0 

80.5 

1.8 

82.3 

34.7 

18.43 

..53 

1.0 

64.0 

4.7 

68.7 

30.6 

31.86 

1.0 

]  .33 

76.5 

8.8 

85.3 

35.6 

37.43 

.36 

33.0 

96.0 

3.3 

99.2 

29.8 

18.88 

2.5.17 

10.4 

60.0 

331.5 

281.5 

84.4 

33.68 

.17 

3.06 

117.9  . 

1.5 

119.4 

35.8 

20.57 

15.03 

12.96 

73.0 

133.3 

304.3 

61.3 

36.44 

15.82 

11.66 

127.6 

139.2 

366.8 

80.0 

20.06 

15.7 

1.04 

70.2 

138.1 

208.3 

03.5 

19.91 

8.68 

1.93 

69.7 

76.4 

140.1 

42.0 

21  ..52 

4.05 

1.69 

75.3 

35.6 

110.9 

3:3.3 

18.3 

9.1 

1.0 

64.0 

80.0 

144.0 

43.3 

18.7 

7.5 

1.0 

65.4 

66.0 

131.4 

39.4 

21.2 

12.8 

1.4 

74.3 

112.6 

186.8 

.56.0 

18.6 

9.5 

1.3 

6.5.1 

83.0 

148.1 

44.4 

20.9 

3.8 

3.6  " 

1.5 

73.1 

33.4 

'9.6 

116.1 

34.8 

17.3 

1.8 

1.7 

60.5 

15.8 

76.3 

33.9 

21.0 

9.4 

1.5 

73.5 

83.7 

156.2 

46.9 

18.9 

2.1 

1.3 

66.1 

18.5 

84.6 

25.4 

30.0 

19.7 

7.6  ' 

4.6 

105.0 

173.4 

38.']' 

306.5 

91.9 

8.6 

1.0 

3.0 

3.6 

30.1 

8.8 

7.4 

46.3 

13.9 

2.1 

.4 

4.3 

3.7 

7.3 

3.5 

15.5 

26.3 

7.9 

16.6 

2.0 

1.3 

3.1 

58.1 

17.6 

4.4 

80.1 

24.3 

16.4 

1.8 

.4 

2.2 

57.4 

15.8 

1.5 

74.7 

22.4 

0.3 

1.3 

3.7 

2.0 

31.7 

16.6 

13.7 

53.0 

1.5.6 

14.8 

.1 

3.4 

1.4 

51.8 

.8 

13.6 

65.3 

19.6 

25.4 

].0 

.3 

2.6 

88.9 

8.8 

.6 

98.3 

29.5 

23.85 

1.79 

53.36 

2..58 

.5.43 

70.8 

15.7 

212.8 

299.3 

89.8 

7.0 

.5 

16.9 

1.0 

21.7 

4.4 

62.5 

88.6 

26.6 

3.6 

.3 

9.8 

1.1 

11.2 

1.7 

36.3 

49.2 

14.8 

24.27 

1.61 

49.01 

3.26 

7.b'9' 

75.2 

14.3 

307.4 

296.8 

89.0 

23.21 

2.14 

53.67 

3.69 

3..55 

71.9 

18.8 

311.7 

302.4 

90.4 

2.3 

.3 

7.4 

.8 

7.1 

3.6 

37.4 

36.1 

10.8 

1.1 

.1 

3.8 

1.3 

3.5 

.8 

14.0 

18.3 

.5.5 

30.4 

17.7 

39.1 

4.1 

94.2 

155.8 

107.7 

357.7 

107.3 

35.7 

1.89 

53.46 

3..57 

.s.'o'i' 

79.6 

16.6 

181.0 

277.2 

83.2 

3.3 

.1 

18.4 

1.0 

6.8 

.8 

69.7 

77.3 

33.2 

1.8 

.7 

27.4 

1.0 

5.6 

6.1 

105.4  1 

117.1 

35.1 

1.6 

.1 

9.7 

1.1 

4.9 

.8 

39.9 

45.6 

13.7 

1.1 

.4 

9.3 

1.0 

3.4 

3.2 

38.1 

44.7 

13.4 

1.0 

.5 

17.1 

1.0 

3.1 

4.4 

67.0 

74.5 

22.3 

1.6 

.5 

13.5 

1.4 

5.0 

4.4 

55.1 

64.5 

19.3 

1.3 

.1 

5.8 

1.0 

4.0 

.9 

35.2 

30.1 

9.0 

1.3 

.3 

8.1 

.8 

4.0 

1.7 

32.9 

38.6 

11.6 

3.1 

3.3 

2.2 

.8 

6.5 

28.2 

11.1 

45.8 

13.7 

1.6 

.3 

5.6 

1.0 

5.0 

2.6 

24.4 

32.0 

9.6 

l.o 

.5 

4.7 

.7 

5.6 

4.4 

20.0 

30.0 

9.0 

4.7 

1.1 

4.3 

1.7 

14.6 

9.7 

22.3 

46.5 

14.0 

1.1 

.1 

3.3 

1.0 

3.4 

.9 

16.0 

30.3 

6.1 

1.3 

.3 

3.2 

2.1 

3.7 

3.6 

20.0 

36.3 

7.9 

2.1 

.3 

3.2 

.9 

6.5 

3.6 

J5.1 

24.3 

7.3 

1.6 

.3 

9.9 

.6 

5.0 

3.6 

38.8 

46.4 

14.0 

.36 

8.26 

4.3 

.31 

1.3 

31.7 

32.9 

9.9 

.36 

7.23 

1..51 

.49 

1.3 

28.5 

29.7 

8.9 

.65 

4.48 

ti.06 

.()9 

3.0 

19.1 

21.1 

6.3 

.49 

4.09 

5.27 

.82 

1.5 

20.4 

21.9 

6.6 

.4 

3.56 

4.34 

.66 

1.3 

15.6 

16.8 

5.0 

2.3 

.5 

65.0 

1.5 

1.4 

7.1 

'4.4 

345.7 

257.2 

77.3 

.67 

10.24 

6.07 

.73 

3.1 

40.6 

43.7 

12.7 

.8 

.3 

11.0 

.5 

3.5 

'1.8 

44.8 

49.1 

14.7 

..59 

14.36 

3.6' 

..53 

1.8 

.55.3 

57.0 

17.1 

.93 

'.18 

9.05 

].04 

.73 

2.8 

'  '.'9' 

36.1 

39.8 

11.9 

Name. 


Beet,  very  fat  

Beef,  iiiediuiii  fat  

Beef,  lean  

Mutton,  very  fat  

Mutton,  medium  

Mutton,  average  

Pork,  fat  

Pork,  lean  

Pork,  grease  from  

Beef  tallow  

Veal,  fat  

Veal,  lean  

Poultry,  medium  

Horseflesh   

Meat  powder  

Carne  secca  

Carnesecca,  boiled  

Bacon   

Bacon,  roasted  

American  canned  meat. 
Chicago  corned  beef  . . . 

Corned  beef   

Preserved  beef   

Pickled  beef  

Pemmican  

Pork,  pickled  

Ham,  smoked  

Ham  sausage  

Beef  sausage  

Cervelat  sausage  

Herring,  pickled  

Sardines   

Pike  

Carp  

Salt  cod  

Salt  mackerel  

Smoked  haddock  

Smoked  halibut  

Smoked  herring  

Canned  salmon  

Canned  mackerel  

Canned  tunny  

Eel  

Pompano  

Salmon  

Shad  

Shad  roe  

Smelts  

Spanish  mackerel  

Trout  

Caviare  

Clams  

Clams,  little  neck  

Crabs   

Lobster  

Oysters  

Scallops  

Shrimps  

Peas  

Peas,  dried  and  boiled.. 

Peas,  canned  

Beans,  broad  

Beans,  kidney  

Sago,  fresh  

Sago,  canned  

So.1a  bean  

Lentils  

Potatoes  

Potatoes,  sweet  

Beets  

Carrots   

Oyster  plant  

Parsnips  

Radishes  

Turnips  

Asparagus   

Cabbage   

Cauliflower  

Sprouts  

Celery  

Lettuce  

Spinach  

Onions  

Apples  

Pears  

Peaches  

Apricots   

Plums  

Prunes,  dried  

Cherries    

Oranges  

Grapes  

Melons  
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Table  XV.— Continued. 


Name. 


Figs   

Cranberries  

StrawberTies  

Blacliberries  

Raspberries  

Dates  

Rhubarb  

Egg  without  shell  

Milk,  cow's  

Milk,  skimmed  

Milk,  goat's  

Milk,  condensed  

Milk,  condensed,  Swiss. 
Milk,  condensed,  sweet. 

Cream  

Butter,  fresh  

Butter,  salted  

Cheese,  Dutch  

■Cheese,  American  

■Cheese,  Roquefort  

•Cheese,  Camembert  

Cheese,  Cheshire  

Cheese,  Edam  

Cheese,  caraway  

Bread,  rye  

Bread,  wheaten  

Biscuit,  navy  

Biscuit,  milk  

flour,  wheaten  

Flour,  barley  

Flour,  corn  

Corn,  grains  

-Starches   

;Sugar  cane  

Molasses  

Honey  

Buckwheat  

Oatmeal  

Macaroni  

Rice  

Prunes,  dried  

Raisins  

Sauerkraut  

Coffee,  uru'oasted  

Tea  

Chocolate  

Beet  heart  

Beef  kidney  

Beef  liver  

Beef  marrow  

Beef  tongue  

Beef  tripe  

Beef  tripe,  canned  

Beef  tongue,  pickled  

Beef  tongue,  canned  . . . 

Pork,  feet  

Pork,  kidney  

Pork,  liver  

Veal  heart  

Veal  kidney  

Veal  liver  

Mutton  kidney  

Mutton  liver  

Broiler  chickens  

Fowls  

Young  goose  

Turkey   

Chicken  liver  

Goose  liver  


In  100  Parts  are  Contained: 


Nutrient  Unit  in  : 


Protelds. 

Fats. 

Carbo- 
hydrates. 

Ash. 

Cellul. 

Protelds. 

Fats. 

\JCII  uu~ 

hydr^tiCs. 

ion  frm 

i  ounce. 

4.0 

50.0 

3.0 

13.4 

19.6 

32.0 
29.8 

9.6 

.13 

7.8 

6.27 

.15 

.4 

29.4 

8.9 
8.8 

1.07 

6.28 

3.25 

.81 

3.3 

26.2 

29.5 

.51 

4.44 

6.97 

.48 

1.6 

18.2 

19.8 

5.9 

1.42 

.2 

3.86 

8.1 

.48 

4.4 

16.8 

21.2 

3.4 

6.6 

59.6 

1.9 

1.6 

20.5 

i.re 

226.4 

248.7 

74.6 

.9 

3.3 

.4 

2.8 

18.8 

16.1 

4.8 

12.5 

12.0 

.5 

1.0 

43.5 

ids.'e 

.  1.8 

150.9 

45.3 

3.5 

4.0 

4.9 

13.3 

35.3 

18.1 

65.5 

19.6 

3.1 

.7 

4.8 

.7 

10.8 

6.1 

2.6 

19.5 

5.8 

4.29 

4.7 

4.6 

.7 

15.0 

41.4 

20.7 

77.1 

23.1 

12.0 

8.4 

50.8 

2.0 

43.0 

73.9 

81.0 

146.9 

44.0 

12.8 

11.0 

48.7 

3.4 

43.0 

96.8 

180.3 

320.0 

96.0 

11.35 

11.25 

18.85 

3.0 

39.7 

99.0 

49.4 

188.1 

56.4 

2.7 

26.7 

1.8 

9.4 

33.49 

244.3 

73.3 

2.0 

85.0 

1.0 

7.0 

748.0 

755.0 

226.5 

80.0 

3.0 

704.0 

704.0 

211.2 

28.25 

22.78 

7.1 

98.9 

200.5 

299.4 

89.8 

29.64 

38.24 

3.49 

103.7 

336.5 

440.2 

132.0 

32.9 

33.3 

4.4 

115.1 

28'1.2 

399.3 

119.8 

18.9 

21.0 

4.7 

66.1 

184.8 

250.9 

75.3 

26.93 

30.68 

4.42 

94.3 

270.0 

364.3 

109.3 

27.0 

28.3 

3.0 

5.0 

94.5 

249.0 

ll.V 

a54.6 

106.4 

31.5 

12.0 

9.8 

8.3 

110.3 

105.6 

34.4 

250.3 

75.0 

6.0 

1.0 

48.0 

1.5 

20.0 

8.8 

177.6 

306.4 

61.9 

7.0 

.5 

52.5 

1.0 

31.7 

4.4 

194.2 

321.3 

66.4 

10.9 

1.6 

75.0 

1.1  - 

33.8 

14.0 

377.5 

325.3 

97.6 

7.18 

9.28 

73.1 

.88 

21.5 

81.6 

370.5 

373.6 

103.1 

11.0 

3.0 

71.3 

.8 

34.1 

17.6 

363.4 

315.1 

94.5 

12.7 

2.0 

71.0 

3.0 

39.4 

17.6 

363.7 

319.7 

95.9 

9.7 

3.8 

69.6 

1.3 

1.4 

30.0 

33.4 

257.5 

320.9 

96.3 

10.0 

6.7 

64.5 

1.4 

31.0 

59.0 

238.6 

338.6 

98.6 

1.0 

83.0 

3.1 

303.4 

306.5 

92.0 

.5 

96.5 

1.0 

1.6 

357.0 

358.6 

107.6 

63.0 

2.8 

229.4 

329.4 

68.8 

1.2 

73.6 

2.8 

3.7 

272.3 

376.0 

83.8 

10.75 

2.0 

63.75 

1.25 

33.3 

17.6 

333.1 

383.0 

114.9 

12.6 

5.6 

68.0 

3.0 

38.0 

49.2 

233.1 

320.3 

96.0 

9.0 

.3 

76.8 

.8 

27.9 

2.6 

384.2 

314.7 

93.4 

6.5 

1.0 

78.5 

1.0 

20.1 

8.8 

290.5 

319.4 

95.8 

2.8 

.5 

65.0 

1.5 

1.4 

7.1 

4.4 

240.5 

253.0 

75.6 

63.0 

1.7 

329.4 

229.4 

68.8 

1.0 

7.6 

.5 

1.0 

3.7 

1.7 

17.0 

21.8 

6.5 

12.0 

12.3 

43.3 

4.0 

18,2 

37.3 

108.2 

15P.," 

301.9 

90.6 

24.5 

7.1 

41.7 

5.6 

11.6 

75.9 

63.5 

154.3 

292.7 

87.8 

6.2 

31.0 

67.6 

1.9 

1.4 

19.3 

184.8 

250.1 

444.1 

133.2 

16.0 

20.4 

1.0 

56.0 

179.5 

235.5 

70.6 

16.0 

4.8 

.4 

1.2 

56.0 

42.2 

1.5 

99.7 

39.9 

20.7 

4.5 

1.5 

1.6 

72.4 

39.6 

5.5 

117.5 

35.2 

2.2 

92.8 

1.3 

7.7 

816.6 

824.3 

247.3 

18.9 

9.2 

1.0 

66.1 

81.0 

147.1 

44.1 

11.7 

1.3 

.2 

.3 

40.9 

10.1 

.7 

51.7 

15.5 

16.8 

8.5 

.5 

58.8 

74.8 

133.6 

40.0 

12.8 

20.5 

4.7 

44.8 

180.4 

225.2 

67.6 

19.5 

28.2 

4.0 

68.2 

204.2 

272.4 

81.7 

8.8 

17.4 

.4 

29.0 

153.1 

182.1 

54.6 

15.5 

4.8 

1.3 

54.2 

43.2 

96.4 

28.9 

21.3 

4.5 

1.4  ' 

1.4 

74.5 

39.6 

5.3 

119.3 

35.8 

16.8 

9.6 

1.0 

58.8 

84.5 

143.3 

43.0 

16.9 

6.4 

1.8 

59.1 

56.3 

115.4 

34.6 

19.0 

5.3 

1.3 

66.5 

46.6 

113.1 

33.9 

16.9 

13.6 

.9 

59.1 

110.8 

169.9 

51.0 

23.1 

9.0 

1.7 

80.8 

79.2 

160.0 

48.0 

21.5 

3.5 

1.1 

75.3 

22.0 

97.2 

30.0 

19.3 

16.3 

1.0 

67.5 

143.4 

210.9 

63.3 

16.3 

36.2 

.8 

57.0 

318.6 

875.6 

113.7 

21.1 

32.9 

1.0 

73.8 

201.5 

275.3 

82.6 

23.4 

4.3 

2.'i  ' 

1.7 

79.4 

37.0 

8.9 

126.3 

37.6 

19.6 

5.8 

1.0 

68.6 

51.0 

119.6 

35.9 

SU-M  NDTRIENT 

Units  in  : 


cially  vegetables  reappear  in  the  fteces  in  quite  consid- 
erable proportion. 

A  simple  and  approximately  accurate  method  for  cal- 
culating the  nutritive  value  of  a  diet  has  recently  been 
published  by  Scliumburg.  Schumburg  makes  a  sliglit 
difference  in  the  food  value  between  animal  and  veget- 
able proteids,  giving  the  former  a  value  of  3.5  and  the  lat- 
ter a  value  of  3. 1  per  gram.  The  fats  have  a  value  of 
8.8  and  the  carbohydrates  one  of  3.7.  Given,  then,  the 
various  constituents  of  a  diet,  expressed  in  proteids,  fats, 
and  carbohydrates,  their  weight  stated  in  grams,  multi- 
plied by  their  respective  values,  the  several  amounts 
added  together  would  give  a  sum  corresponding  to  the 
total  food  value  of  a  diet  in  numbers  of  calories  or  nutri- 
ent units.  Remembering  that  a  sufficient  diet  for  an 
adult  workingman  must  have  at  least  3,000  nutrient 


units,  and  that  the  proportion  of  proteids,  fats,  carbohy- 
drates, and  salts  in  a  complete  diet  should  be  as  150,  100, 
500,  and  35,  we  would  have  an  easy  and  simple  method 
of  ascertaining  and  controlling  the  dietary  value  of  any 
meal. 

The  adjoining  Table  XV.  has  been  compiled  from  many 
sources,  notably,  Koenig,  Rubner,  Kirchner,  Schmidt, 
Plumert,  Ranke,  Notter,  Harrington,  Munson,  the  re- 
ports of  the  United  States  Fish  Commission  and  of  the 
United  States  Department  of  Agriculture.  The  first  five 
columns  give  tlie  percentage  composition  of  each  food  in 
proteids,  fats,  carbohydrates,  etc. ;  the  next  three  columns 
give  the  number  of  nutrient  units  contained  in  100  parts; 
the  next  two  columns  give  the  sum  of  nutrient  units  in 
100  gm.  and  one  ounce  respectively. 

There  are  a  few  food  substances  of  vegetable  origin, 
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not  included  in  this  list,  such  as  the  tomato,  cucumber, 
squash,  pumpkin,  egg  plant,  and  vegetable  marrow; 
they  have  about  the  same  nutritive  value  as  celery  and 
lettuce.  The  jellies  and  jams  are  semi-solid  glutinous 
preparations,  made  by  boiling  fruit  juices  with  sugar 
and  allowing  to  cool;  jams  are  similar  preparations 
which  include  the  pulp  of  the  fruit  as  well  as  the  juice. 
Their  nutritive  value  must  be  determined  by  taking  their 
ingredients  separately  in  each  case.  Tea,  coffee,  and 
chocolate  owe  their  nutritive  value  more  to  the  stimulat- 
ing effect  of  the  alkaloids  which  they  contain  than  to  any- 
thing else;  they  are  condiments  rather  than  nutritious 
substances. 

The  caloric  values,  originally  assigned  to  the  several 
proximate  principles  of  foods,  by  Rubner  and  Stohmann, 
were  as  follows:  1  gm.  of  proteids,  4.8  calories;  1  gm.  of 
fats,  9.5  calories;  1  gm.  of  carbohydrates,  4  calories. 
It  was  soon  found,  however,  that,  while  the  fats  and  the 
carbohydrates  were  as  completely  o.xidized  within  the  tis- 
sue cells  as  they  were  when  burned  in  a  calorimeter, 
namely,  into  water  and  carbon  dioxide,  the  proteids  left 
an  unconsumed  remnant.  If,  for  instance,  1  gm.  of  pro- 
teid  material  is  decomposed  within  the  organism,  it  leaves 
a  remnant  of  urea,  uric  acid,  and  a  few  other  nitrogenous 
substances,  excreted  by  the  kidneys  and  the  intestines. 
The  4.8  calories,  therefore,  that  were  assigned  to  1  gm. 
of  proteids,  as  their  food-value  in  calories,  represent  only 
a  part  of  that  value  in  calories  which  we  would  obtain 
if  1  gm.  of  proteids  was  burned  in  a  calorimeter,  where 
it  would,  of  course,  be  completely  consumed  by  oxida- 
tion. According  to  Rubner,  the  unconsumed  remnant 
amounts  to  23  to  28  per  cent,  of  the  original  quantity  of 
proteids  ingested.  In  other  words,  if  1  gm.  of  proteid 
material  is  decomposed  within  the  body,  is  converted 
into  water,  carbon  dioxide,  urea,  etc.,  only  so  much  of 
its  potential  energy  is  converted  into  heat  as  will  raise 
the  temperature  of  4.8  kgm.  of  water  1°  C,  while  if  1 
gm.  of  proteid  is  completely  assimilated  within  the 
organism,  the  amount  of  energy  added  to  the  latter  is 
equal  to  5.7  calories,  or  its  full  caloric  value.  The  above 
values  for  proteids,  fats,  and  carbohydi'ates,  in  their  prac- 
tical application  to  the  calculation  of  the  food  values 
of  a  certain  diet  or  ration,  have  had  to  be  moditied  still 
further.  Allowance  had  to  be  made  for  a  certain  percen- 
tage amount  of  indigestible  matter  peculiar  to  the  differ- 
ent articles  of  food,  as  well  as  fcr  the  energy  that  had  to 
be  expended  on  their  digestion,  in  order  not  to  overesti- 
mate their  net  value.  After  making  these  necessary  de- 
ductions, Scliumburg  gives,  as  the  net  values,  the  fol- 
lowing numbers  in  calories:  1  gm.  proteids  (animal),  3.5 
calories;  1  gm.  proteids  (vegetable),  3.1  calories;  1  gm. 
fats,  8.8  calories;  1  gm.  carbohydrates,  3.7  calories.  It 
is  on  the  basis  of  Scliumburg 's  figures  that  the  food 
values  in  table  XV.  have  been  calculated. 

Voit's  original  standard  requirements  in  proteids,  fats, 
and  carbohydrates,  for  a  moderately  hard-working  adult 
man,  are:  118  gm.  of  proteids,  56  gm.  of  fat,  and  500  gm. 
of  car)3(jhydrates.  These  standard  requirements  have 
stood  the  test  of  many  years  of  scientific  controversy  and 
have  proved  themselves  practically  unassailable. 

The  following  table  is  intended  to  show  tlie  number  of 
•calories  obtained  from  Voit's  standard  by  using  both 
Rubner's  and  Schumburg's  figures: 

Table  XVI. 


Name. 

Grains. 

Multiplied  by— 

Rubner's  figures. 

Schumburg's  figures. 

118 

X  4.8  =  566 

X  3.5  =  413 

.56 

X  9.3  =  53a 

X  8.8  =  493 

Carbohydrates. . . 

500 

X  4.0  =  3,000 

X  3.7  =  1,8.50 

Total,  3,098 

Total,  3,755 

(In  a  paper  on  the  "Hygiene  of  the  Navy  Ration," 
published  hy  me  in  the  Proceedings  of  the  United  States 
Naval  Institute,  vol.  xxv.,  No.  3,  the  total  caloric  value 


of  tlie  ration  was  estimated  as  amounting  to  3,696  calo- 
ries. This  number" was  obtained  after  making  all  due 
allowance  for  indigestible  matters  as  well  as  taking  into 
account  the  losses  incurred  in  cooking  and  the  general 
preparation  of  the  food ;  it  agrees  so  nearly  with  Voit's 
standard,  multiplied  by  Schumburg's  figuies,  that  this 
agreement  is  considered  an  additional  proof  of  its  cor- 
rectness. Unfortunately,  the  proof  of  this  paper  not 
having  been  submitted  to  the  writer,  a  few  errors  have 
crept  in,  owing  to  the  wrong  position  of  the  decimal 
points  in  the  numbers  there  given ;  they  are,  however,  so 
easily  perceived  as  hardly  to  need  any  correction.) 

From  the  point  of  view  of  their  digestibility,  food  sub- 
stances vary  quite  considerably,  and,  since  only  that  por- 
tion of  a  food  substance  which  is  absorbed  is  of  any  good 
to  the  organism,  it  cannot  be  immaterial  in  what  form 
food  is  taken.  The  following  table  XVII.  by  Rubner  is 
intended  to  show  the  indigestible  and,  consequently,  un- 
absorbed  remnant  in  per  cent.,  of  some  of  the  more  com- 
mon articles  of  food. 


Table  XVII. 


Remained  unabsorbed. 

Dry 
substance. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

5.3 

2.6 

4.3 

2.5 

5.3 

6.6 

4.4 

Milk  

8.8 

7.1 

5.3 

Bread,  baker's,  wheateu . . . 

4.3 

21.8 

1.1 

Bread,  inferfor  quality  

6.7 

24.6 

2.6 

Bread,  coarse  meal  

13.3 

30.5 

7.4 

Bread,  peasants'  rye  

15.0 

:33.o 

17.1 

10.9 

Macaroni,  poor  in  egg  

4.3 

1.3 

4.1 

20.4 

0.9 

6.7 

15.5 

3.3 

Peas  (dried)   

9.1 

17.5 

3.6 

18.3 

30.3 

15.0 

19.5 

0.7 

Potatoes,  mashed,  different 

9.4 

30.5 

7.4 

20.7 

39.0 

18.3 

The  table  shows  that  those  articles  of  a  diet  which  have 
an  animal  origin  and  upon  which  we  mostly  depend  for 
the  necessary  proteid  part  of  our  diet,  such  as  meat,  fish 
and  eggs,  are  best  digested  and  absorbed.  Of  the  vege- 
tables, rice,  corn,  and  macaroni  seem  to  be  much  more 
digestible  than  the  vegetables  properly  so-called.  The 
digestion  and  absorption  of  all  kinds  of  fats  is  generally 
favorable. 

The  different  composition  of  foodstuffs,  as  regards 
proteids,  fats,  and  carbohydrates,  in  itself  makes  it  nec- 
essary that  an  appropriate  mixture  of  them  be  taken  in 
order  to  maintain  a  certain  necessary  equilibrium  in  tlie 
composition  of  our  own  bodies. 

For,  although  Ptliiger  has  kept  dogs  alive  and  in  a 
thriving  state  of  health  and  activity  for  long  periods  at 
a  time,  man  cannot  live  forever  on  an  exclusively  animal 
diet,  much  less  on  one  of  fats  and  carbohydrates  to  the 
exclusion  of  all  proteids. 

Volume  of  a,  Diet. — Regarding,  as  we  must,  our  diges- 
tive organs  as  muscular  as  well  as  secretory  organs,  we 
shall  have  to  admit,  that,  like  other  muscles,  their  strength 
in  grinding  up  and  propelling  food  material  must  have 
a  maximum  limit,  beyond  which  they  become  liable  to 
fatigue  and  exhaustion.  This  limit  has  been  reached 
whenever  we  become  conscious  of  a  feeling  of  overful- 
ness  after  taking  a  meal.  While  a  feeling  of  satiety  is, 
up  to  a  certain  limit,  stimulating  to  digestion,  overful- 
ness  has  the  very  opposite  effect  and  ought  to  be 
avoided.  Experience  and  experimentation  have  shown 
that  the  volume  of  an  average  diet  should  not  exceed 
2,100  gm.  nor  fall  below  1,500  gm.  The  daily  volume 
is,  of  course,  to  be  distributed  among  the  several  custom- 
ary meals. 

It  has  been  found  a  most  suitable  plan,  in  a  temperate 
climate  at  any  rate,  to  make  the  following  distribution 
of  the  daily  ration  between  the  different  meals  of  the 
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day :  For  breakfast,  12  per  cent. ;  for  midday  meal,  47 
per  cent. ;  for  supper,  31  per  cent. 

In  warm  climates,  however,  it  will  be  found  a  good 
rule,  especially  on  board  a  ship-of-war  where  drilling  is 
done  morning  and  afternoon,  not  to  overfill  the  stomach 
of  the  men  at  midday  but  to  make  the  heavy  meal  the  5 
P.M.  meal  of  the  day.  The  above  percentage  distribu- 
tion would  have  to  be  slightly  modified  in  accordance 
with  these  requirements. 

The  Dietary  Value  of  One  Week's  Ration. — In  order  to 
obtain  an  approximately  correct  estimate  of  the  dietary 
value  of  the  meals  as  they  are  actually  served  out  on 
board  a  ship  in  commission,  the  commissary  yeoman  of 
one  of  them  was  requested  to  furnish  us  with  a  list  of 
the  articles  included  in  one  week's  allowance  and  divide 
that  up  into  the  customary  tiiree  daily  meals.  With  the 
aid  of  table  XV.,  the  food  value  of  each  meal  in  pro- 
teids,  fats,  and  carbohydrates  was  then  calculated  and 
expressed  in  terms  of  nutrient  units,  obtained  after  the 
manner  found  described  in  the  preceding  pages.  In  this 
estimate  no  deductions  were  made  for  indigestible  mat- 
ters nor  for  the  work  expended  on  digestion,  because 
these  values,  as  will  be  remembered,  had  already  been 
deducted  in  the  various  multiples  used  in  the  calculation 
of  the  numbers  of  nutrient  units  Avliich  each  article  rep- 
resents. But  a  loss  of  twenty-five  percent.,  in  round  num- 
bers, had  to  be  allowed  for  the  usual  and  unavoidable 
waste  made  in  the  preparation  of  the  raw  material  for 
cooking,  as  well  as  for  a  less  necessary  but  always  notable 
waste  incurred  in  serving. 

The  results  of  this  work  are  exhibited  in  table  XVIII. 
A  careful  study  of  this  table  is  of  some  interest.  It  shows, 
for  instance,  that  while  the  sum  of  nutrient  units  for  al- 


most every  single  day  comes  up  to  and  often  exceeds, 
the  required  number,  there  is  quite  a  considerable  lack 
of  uniformity  in  the  several  corresponding  meals  of  the 
different  days  of  the  week.  The  number  of  nutrient 
units  for  one  day  is  almost  doubled  on  another  day. 
It  also  shows  that  our  sea  ration  as  well  as  our  port  ra- 
tion was  deficient  in  carbohydrates,  while  the  proteids 
were  two  per  cent,  below  the  standard  in  the  sea  ration 
and  three  per  cent,  above  the  standard  in  the  port  ration. 

In  table  XIX.,  which  has  been  borrowed  from  Plu- 
mert,  the  proteid  content  of  the  United  States  navy  ration 
is  given  as  69. 3  per  cent.  This  estimate,  obtained  from 
our  printed  allowance-list,  puts  its  dietary  value  on  top 
of  all  the  other  naval  rations.  According  to  our  present 
calculation,  the  dietary  value  of  our  port  ration  is  but 
twenty-three  per  cent,  in  proteids,  or  just  one-third  of  that 
given  by  Plumert.  Although  we  must  admit  that  the  two 
estimates  are  not  strictly  comparable,  this  exceedingly 
large  difference  between  the  two  nevertheless  shows 
that  there  are  instances  in  which  discrepancies  occur  be- 
tween what  is  found  on  paper  and  what  the  men,  in  ac- 
tual practice,  get  on  their  table  and  inside  their  stomachs. 

Proijosed  JSieiB  Navy  Ration. — ^The  Secretary  of  the 
Navy,  recognizing  the  needs  of  the  service  and  the  im- 
portance of  a  well-appointed  ration,  on  Juljr  15th,  1901, 
ordered  a  board  of  otHcers  to  examine  the  ration  and  the 
system  of  messing  in  the  navy.  This  board,  to  which 
the  writer  was  originally  ordered  a  member,  but  was  pre- 
vented from  attendance  by  illne.ss,  held  its  sessions  in 
Newport,  R.  I.,  and  completed  its  labors  September  4th, 
with  a  report,  which  has  not  yet  been  made  public.  A 
very  complete  abstract,  however,  appeared  in  the  Army 
and  JSavy  Journal  of  January  25th,  1902,  from  which  we 


Table  XVIII. 


Days. 


Sunday . 


Monday . 


Tuesday 


Wednesday  . 


Thursday  . 


Friday . 


Saturday . 


Average  values 


Meals. 


Breakfast. 

Dinner  

Supper — 


Total  . 

Breakfast . 

Dinner  

Supper  


Total . 


Breakfast. 
Dinner  .. . 
Supper  . . . 


Total . 


Breakfast 
Dinner  . . . 
Supper  . . . 


Total . 


Brea  kf  ast . 
Dinner  .'  . 
Supper  . . . 


Total . 


Breakfast . 
Dinner  . . . 
Supper  


Total  . 


Breakfast. 
Dinner  . . . 
Supper  . . . 


Total. 


In  per  cent,  (round  numbers)  daily 
average  


Should  be.. 
Difference . 


At  Sea.  Nutrien't  Units  in— 


Proteids. 


109.9 
385.9 
192.0 


687.8 

77.0 

213.5 
222.0 


512.5 

139.0 
361.6 
222.0 


722.6 

190.9 
230.5 
2il.0 


662.4 

161.0 
481.0 
117.7 


759.7 

130.0 
418.5 
194.6 


743.1 

214.0 
399.0 
147.0 


760.0 

18.0 
20.0 
-  2.0 


Fats. 


353.9 
1,207.4 
119.4 


1,680.7 

64.9 
445.0 
403.0 


9ia.9 

343.0 
1,455.3 
247.0 


3,045.2 

3.54.9 
455.0 
234.0 


1,043.9 

91.0 
305.0 
347.7 


743.7 

279.0 
476.0 
909.4 


1,664.4 

27.0 
3,452.0 
99.0 


2,578.0 

40.0 
13.3 
-f26.7 


Carbo- 
hydrates. 


720.6 
371.4 
593.0 


1,684.0 

477.0 
390.0 
590.0 


1,457.0 

409.0 
746.0 
492.0 


1,647.6 

720.6 
390.0 
466.0 


1,576.6 

459.0 
823.0 
417.0 


1,699.0 

409.0 
390.0 
466.0 


1,265.0 

579.0 
721.6 
630.0 


1,930.6. 

42.0 
66.7 
-  24.7 


Sum. 


1,184.4 
1,964.7 
904.4 


4,053.5 

618.9 
1,048.5 
1,215.0 


2,883.4 

891.0 
2,5«5.4 
961.0 


4,415.4 

1,266.4 
1,075.5 
941.0 


3,383.9 

7U.0 
1,609.4 
883.4 


3,302.8 

818.0 
1,384.5 
1,570.0 


3,672.5 

830.0 
3,.572.6 
876.0 


5,268.6 

100.0 
100.0 


In  Port.  Nutrient  Units  in- 


Proteids. 


109.9 
398.0 
93.0 


600.9 

189.0 
664.0 
222.0 


1,075.0 

196.4 
664.0 
90.0 


950.4 

190.9 
.387.0 
151.0 


148.3 
390.0 
94.0 


632.2 

181.0 
390.0 
149.0 


720.0 

189.0 
399.0 
337.0 


935.0 

33.0 
30.0 
3.0 


3.53.9 
348.6 
184.9 


787.4 

577.0 
380.0 
403.0 


Carbo- 
hydrates. 


730.6 
449.0 
832.0 


1.991.6 

409.0 
390.0 
590.0 


1,360.0 

186.7 
280.0 
247.0 


713.7 

3.54.9 
249.0 
53.6 


657.5 

624.0 
349.0 
27.6 


900.6 

246.0 
;249.0 
182.0 


677.0 

138.9 
3,452.0 
143.0 


2,733.9 

31.0 
13.3 
-1-  17.7 


1,389.0 

409.0 
390.0 
492.0 


1.291.0 

720.6 
490.0 
686.0 


347.0 
490.0 
954.0 


1,791.0 

309.0 
490.0 
675.0 


1,474.0 

409.0 
731.6 
490.0 


1,620.6 

46.0 
66.7 

-  20.7 


Sum. 


1,184.4 
1,095.6 
1,099.9 

3,379.9 

1,175.0 
1,334.0 
1,315.0 


3,724.0 

792.1 
1,334.0 
829.0 


3,955.1 

1,266.4 
1,136.0 
890.6 


1,119.2 
1,139.0 
1,07.5.6 


3,323.8 

7.36.0 
1,129.0 
1,006.0 


2,871.0 

7.36.9 
3,.572.6 
970.0 


5,279.5 

lUO.O 
100.0 
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Table  XIX.— (From  PI u inert.) 


Navy. 


Austrian,  in  port  

A  ustrian,  at  sea  

German,  in  port  

German,  at  sea  

Italian,  in  port  

Italian,  at  sea  

French,  in  port  

French,  at  sea  

English,  in  port  

English,  at  sea  

Russian,  in  port  

Russian,  at  sea  

Swedish,  at  sea  

Norwegian,  at  sea  

Turkish,  at  sea  

United  States,  in  port  

United  States,  at  sea  

Argentine  Republic,  at  sea 
Japanese,  at  sea  


Sum  Nutrient  Units 
OF  Animal  Origin. 


Proteids. 


286 
280 
273 
320 
376 
29-1 
286 
261 
377 
318 
257 
247 
379 
4.56 
160 
480 
343 
518 
260 


Fats. 


156 
2.59 
2.35 
413 
107 
146 
176 
319 
138 
.536 
239 
390 
517 
473 
137 
177 
461 
394 
133 


sum  nutrient  units  of 
Vegetable  Origin. 


Proteids. 


Fats. 


381 
431 
414 
394 
315 
437 
333 
341 
533 
363 
446 
471 

:»6 

419 
495 
313 
403 
.344 
;331 


29 
26 
35 
29 
35 
35 
34 
16 
.52 
49 
47 
37 
27 
49 
60 
46 
31 
33 
27 


Carbo- 
hydrates. 


502 
542 
601 
.595 
475 
.560 
470 
523 
573 
.593 
717 
733 
5.58 
667 
733 
401 
.590 
.536 
638 


Sum  Total  of  Nutrient 
Units  in  the  Daily  Ration. 


Proteids. 


667 
701 
687 
714 
591 
731 
619 
603 
900 
680 
703 
718 
765 
875 
6.55 
693 
'•(45 
863 
.591 


185 
385 
370 
441 
132 
181 
200 
235 
190 
.585 
276 
247 
.544 
.533 
187 
233 
493 
336 
149 


Carbo- 
hydrates. 


.503 
543 
601 
.595 
475 
560 
470 
533 
.573 
.593 
717 
733 
.558 
667 
723 
401 
590 
536 
638 


43.9 
40.0 
39.7 
44.8 
46.7 
40.3 
46.3 
43.3 
41.9 
46.8 
36.6 
34.4 
49.5 
.53.1 
24.4 
69.3 
46.0 
60.0 
43.9 


take  the  following.  This  board  recommends  legislation 
as  follows: 

"Hereafter  the  navy  ration  shall  consist  of  the  follow- 
ing daily  allowance  of  provisions  to  each  person:  One 
pound  and  a  quarter  salt  or  smoked  meat,  witli  three 
ounces  of  dried  or  si.x  ounces  of  canned  fruit,  and  three 
gills  of  beans  or  peas,  or  twelve  ounces  of  flour;  or  one 
pound  of  preserved  meat,  with  three  ounces  of  dried  or 
six  ounces  of  canned  fruit  and  twelve  ounces  of  rice  or 
eight  ounces  of  canned  vegetables,  or  four  ounces  of  de- 
siccated vegetables;  together  with  one  pound  of  biscuit, 
two  ounces  of  butter,  four  ounces  of  sugar,  two  ounces 
of  coffee  or  cocoa,  or  one-half  ounce  of  tea  and  one  ounce 
of  condensed  milk  or  evaporated  cream;  and  a  weekly 
allowance  of  one-half  pound  of  macaroni,  four  oimces  of 
cheese,  four  ounces  of  tomatoes,  one-half  pint  of  vinegar, 
one-half  pint  of  pickles,  one-half  pint  of  molas.ses,  four 
ounces  of  salt,  one-quarter  ounce  of  pepper,  and  one-half 
ounce  of  dry  mustard.  Five  pounds  of  lard  or  a  suitable 
substitute,  will  be  allowed  for  every  hundred  pounds  of 
flour  issued  as  bread,  and  such  quantities  of  yeast  as  may 
be  necessary. 

"  The  following  substitution  for  the  components  of  the 
ration  may  be  made  when  deemed  necessaiy  by  the  senior 
offlcer  present  in  command : 

"For  one  and  one-quarter  pounds  of  salt  oi'  smoked 
meat  or  one  pound  of  preserved  meat,  one  and  three- 
quarter  pounds  of  fresh  meat ;  in  lieu  of  the  article  usu- 
ally issued  with  salt,  smoked,  or  preserved  meat,  fresh 
vegetables  of  equal  value ;  for  one  pound  of  biscuit,  one 
anil  one-quarter  pounds  of  soft  bread  or  eighteen  ounces 
of  flour ;  for  three  gills  of  beans  or  peas,  twelve  ounces 
of  flour  or  rice,  or  eight  ounces  of  canned  vegetables; 
and  for  twelve  ounces  of  flour  or  rice,  or  eight  ounces  of 
canned  vegetables,  three  gills  of  beans  or  peas. 

"An  extra  allowance  of  coffee  or  cocoa,  two  ounces  of 
sugar,  four  ounces  of  hard  bread  or  its  equivalent,  and 
four  ounces  of  preserved  meat  or  its  equivalent,  will 
be  allowed  to  enlisted  men  of  the  engineer  and  dynamo 
force  when  standing  night  watches  under  steam." 

The  Board  has  also  recommended  some  other  changes  to 
be  made  in  the  system  of  messing  and  has  suggested  some 
much  needed  reforms  in  the  organization  of  the  personnel 
of  the  commissary  department  on  board  ships,  but,  the 
above  changes  in  the  food-supply  being  the  only  ones  of 
interest  in  connection  with  the  study  of  the  actual  food 
value  of  the  ration,  we  cannot  here  consider  them. 

The  same  commissary  yeoman  who  had  previously  fur- 
nished us  with  a  written  weekly  allowance  list,  divided 
into  the  customary  three  daily  meals,  made  up  from  the 
old  ration,  was  now  recjuested  to  do  the  same  with  this 
proposed  new  ration.  This  he  very  kindly  did,  after 
having  been  thoroughly  advised  of  the  promised  addi- 
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tions  to  the  present  ration,  and  the  following  table  XX. 
shows  the  food  value  for  this  new  ration  in  nutrient 
units,  expressed  in  terms  of  proteids,  fats,  and  carbohy- 
drates, which  the  new  ration  would  yield  in  his  hands. 

While,  in  our  opinion,  the  ration  is  very  ample,  tlie 
table  sliows  that  both  in  the  port  ration  and  in  the  sea 
ration  we  have  an  excess  in  fats  and  a  deficiency  in  car- 
liohydrates,  while  the  proteids  may  be  regarded  as  just 
about  up  to  the  standard.  We  also  notice  the  same  lack 
of  vmiforniity  as  regards  the  distribution  of  the  quanti- 
ties between  the  different  days  of  the  week  as  well  as 
between  the  three  meals  of  the  day  that  has  been  pre- 
viously noted.  The  importance  of  the  personal  equation 
of  the  j'coman  and  its  influences  upon  the  whole  subject 
of  rationing  on  board  ship  is  well  brought  out.  A  veiy 
natural  suggestion,  therefore,  would  seem  to  be  that 
either  the  commissary  3reomen  of  the  navy  be  given  a 
great  deal  more  instruction  as  regards  the  value  in  nutri- 
ent units  of  the  ditt'erent  classes  of  food  whicli  it  is  their 
duty  to  distribute,  than  they  now  possess,  or  tliat  tliis 
distribution  be  supervised  on  board  sliip  by  the  class  of 
men  whose  training  and  education  ought  to  be  a  guaran- 
tee of  the  fact  that  they  possess  the  required  knowledge 
to  do  so  in  accordance  with  the  best  principles. 

The  Influence  of  Climate  upon  Nutrition. — Any  discus- 
sion of  the  navy  ration  would  be  incomplete  without 
some  consideration  of  the  influence  of  tlie  various  clima- 
tic factors  upon  nutrition.  The  problem  of  what  consti- 
tutes a  proper  ration  for  a  definite  climate  can  be  solved 
only  on  the  basis  of  an  exact  knowledge  of  the  physi- 
ology of  general  nutrition,  as  modified  and  influenced  by 
the  different  climatic  conditions.  When  we  shall  be  in 
possession  of  a  full  and  complete  knowledge  of  this,  tlien 
the  proper  ration  for  almost  any  climate  will  become  a  mat- 
ter of  exact  calculation  and  a  mere  application  of  princi- 
ples to  practical  life.  We  must,  in  the  first  place,  find 
out  what  climate  is,  and  in  the  second  place  ascertain  its 
influence  upon  nutrition. 

Since  some  very  important  and  fundamental  work 
has,  within  recent  years,  been  done  in  this  line  of  re- 
search by  German  hygienists,  which  must  hereafter  be 
taken  into  account  whenever  the  caiestions  of  climate 
and  nutrition  become  subjects  for  further  research  or 
discussion,  it  is  absolutelj'  necessary  in  this  connection 
briefly  to  call  attention  to  a  few  of  the  leading  points  in 
this  great  work.  In  doing  this,  only  so  much  of  it  will 
be  reviewed  as  seems  necessary  for  a  better  understand- 
ing of  the  subject  under  discussion ;  for  a  fuller  and  more 
detailed  account  the  reader  is  respectfully  referred  to  a 
most  excellent  monograph  by  K.  E.  Ranke.* 

*  "Ueber  die  Einwirkuiig  des  Tropenklimas  aut  die  Ernahrung  des 
Menschen  auf  Grund  von  Versuchen  im  tropischen  und  subtropischen 
SUdamerika,"  von  Dr.  Karl  Ernst  Ranke,  Miinchen. 
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Table  XX. — Numbeks  Represent  Nutrient  Units. 


Days. 


Sunday  , 


Monday . 


Tuesday 


Wednesday  . 


Thursday . 


Friday  . 


Saturday . 


Averages. 


Meals. 


Breakfast  

Dinner   

Supper  

Total  

Breakfast  

Dinner   

Supper  

Total  

Breakfast  

Dinner  

Supper   

Total  

Breakfast  

Dinner  

Supper   

Total  

Brealttast  

Dinner  

Supper   

Total  

Breakfast  

Dinner  

Supper  

Total  

Breakfast  

Dinner   

Supper   

Total  

Daily  in  per  cent 

Should  be  

Difference   


Sea  Ration. 


Proteids. 


310.3 
383.  T 
343.0 


736.0 

131.5 
338.0 
103.6 


563.1 

147.6 
306.9 
357.5 


712.0 

310.3 
343.0 
1.51.4 


604.7 

347.1 
339.0 
315.5 


801.6 

139.9 
158.6 
333.3 


631.7 

268.3 
309.9 
166.5 


744.7 
17.0 
30.0 

-  3.0 


Fats. 


263.3 
881.4 
267.6 


1,411.2 

178.0 
728.0 
152.0 


1,058.8 

569.7 
2,480.5 
512.4 


3,563.6 

363.3 
607.0 
434.6 


1,308.8 

357.3 
461.9 
348.4 


967.5 

773.5 
331.3 
420.5 


1.414.3 

189.6 
3,431.9 
409.0 


3,030.5 
43.0 
13.3 

+  30.0 


Carbo- 
hydrates. 


734.8 
501.4 
655.4 


1,881.6 

541.4 
390.4 
795.8 


1,737.6 

476.4 
724.8 
477.3 


1,678.4 

724.8 
373.4 
634.6 


1,732.8 

502.7 
380.4 
350.4 


1,233.5 

476.4 
695.9 
350.4 


1,522.7 


383.5 
754.8 


2,027.7 
40.0 
66.7 

—  26.7 


Sum. 


1,197.3 
1,666.5 
1,16.5.0 


4,028.8 

840.9 
1,456.4 
1,051.3 


3,348.5 

1,193.7 
3,513.3 
1,347.1 


5,9.53.0 

1,197.3 
1,233.4 
1,220.6 


3,641.3 

1,007.0 
1,181.3 
814.3 


3.002.6 

1,388.8 
1,075.8 
1,094.1 


3,558.7 

840.4 
3,496.6 
1,465.9 

5,803.9 

100.0 

100.0 


Port  Rations. 


Proteids. 

Fats. 

Carbo- 
hydrates. 

Sum. 

310.3 
323.4 
343.0 

363.2 
141.5 
267.6 

734.8 
500.4 
655.4 

1,197.3 
1,165.0 

775.7 

671.3 

1,880.6 

3,337.6 

109.5 
337.3 
331.1 

194.0 
246.8 
191.3 

553.4 
530.4 
700.4 

856.9 
1,104.5 
1,123.7 

667.9 

633.0 

1,784.3 

3,084.1 

198.0 
300.9 
238.7 

977.0 
3,480.5 
239.4 

486.3 
724.8 
476.4 

1,661.3 
3,512.2 
944.5 

743.6 

3,686.9 

1,687.5 

6,118.0 

210.3 
329.9 
122.5 

263.8 
348.4 
381.0 

734.8 
530.4 
434.4 

1,197.3 
1,108.7 
937.9 

662.7 

891.6 

1,689.6 

3,343.9 

•  281.7 
288.9 
311.5 

227.4 
882.8 
723.4 

476.4 
536.8 
476.4 

985.5 
1,708.5 
1,411.3 

782.1 

1,833.6 

1,489.8 

4,105.3 

260.2 
380  3 
149.3 

312.1 

78  4 
377.6 

490.4 
776  4 
644!o 

1,063.7 
935  1 
1,170!9 

789.8 

768.1 

1,610.8 

3,168.7 

201.7 
365.9 
231.7 

303.4 
1,335.3 
339.4 

476.4 
754.8 
476.4 

881.5 
3,355.9 
1,037.5 

789.3 

1,778.0 

1,707.6 

4,374.9 

20.0 

37.0 

43.0 

100.0 

20.0 

13.3 

66.7 

100.0 

0.0 

+  33.7 

-  33.7 

The  phj^siological  process,  known  as  heat  regulation 
or  heat  economy,  consists,  on  the  one  hand,  in  the  pro- 
duction of  heat  within  the  living  organism  through  oxi- 
dative changes;  and  heat-dissipation,  through  conduc- 
tion, radiation,  and  water  evaporation,  on  the  other.  The 
remaining  balance  between  these  two  phases  of  the  proc- 
ess finds  expression  in  the  normal  temperature  of  the  ani- 
mal under  observation.  That  this  heat-regulating  process 
is  influenced  by  a  great  variety  of  both  environmental 
and  subjective  conditions  has  long  been  known,  but  a 
more  exact  knowledge  of  it  has  only  recently  been  gained 
through  the  researches  of  Voit  and  Rubner  and  their  nu- 
merous co-workers. 

Environmentaij  Conditions. — Climate. — Ranke  has 
recently  defined  climate  iis  being  "  the  total  mean  thermic 
effect  exerted  upon  a  living  oi'ganism,  at  a  certain  point 
on  the  earth's  surface."  This  comprehensive  definition 
of  climate  covers  eveiy  point  on  the  earth's  surface,  both 
at  sea  and  on  the  continent.  The  total  mean  thermic 
effect  is  made  up  of  several  factors,  namely:  atmos- 
pheric temperature  (direct  solar  rays,  reflected  and  radi- 
ated heat),  humidity,  air  currents,  barometric  pressure, 
and  rainfall. 

Against  the  untoward  influence  of  these  combined 
agencies  the  organism  possesses  certain  physiological 
defences  that  are  summed  up  in  the  term  heat  regulation, 
and,  within  a  certain  number  of  degrees  of  atmospheric 
temperature,  the  organism  is  able  to  accommodate  itself 
to  its  environment,  without  losing  control  of  its  own  nor- 
mal temperature.  This  number  of  degrees  of  temper- 
ature has,  accordingly,  been  called  by  Ranke  the  "tem- 
perature range."  This  range  has  an  upper  and  a  lower 
limiting  point,  beyond  either  of  which  the  regulating  in- 


fluence of  our  physiological  mechanism  does  not  extend, 
and  where  our  physiological  defences  begin  to  break 
down.  When,  therefore,  the  limits  are  surpassed,  the 
normal  temperature  of  the  organism  will  either  be  raised 
or  lowered,  according  as  either  the  upper  or  the  lower 
limiting  point  in  the  range  is  exceeded.  We  leave  our 
normal  ground  and  enter  the  pathological  arena. 

(a)  Atmospheric  Temperature.  One  of  the  most  impor- 
tant factors  in  a  climate  is  its  temperature.  Complete 
and  accurate  sets  of  experiments  on  the  influence  of  at- 
mospheric temperature  on  the  temperature  range  have, 
so  far,  been  made  on  animals  only.  A  sufHcient  number 
of  observations,  however,  has  been  made  on  man  to 
enable  us  to  summarize  the  different  reactions  thus  ob- 
served into  a  connected  whole.  Thus  Voit,  in  1878, 
made  the  important  discovery  that  the  several  factors 
concerned  in  the  mechanism  of  heat  regulation  ditl  not 
all  act  alike  when  followed  through  the  whole  of  the 
temperature  range.  Proceeding  from  the  lower  in  the 
direction  of  the  upper  limit,  there  soon  comes  a  point  on 
our  scale  where,  for  instance,  heat  production  refuses  to 
take  any  further  part  in  heat  economy.  This  point  was 
likewise  observed  by  Rubner  and  noted  to  occur  in  all 
his  experiments  on  the  heat  regulation  of  animals. 
Ranke  now  proposes  to  designate  the  point  "  the  critical 
point "  in  heat  regulation.  By  it  the  whole  temperature 
range  is  naturally  divided  into  two  great  groups.  Ac- 
cording to  the  present  state  of  our  knowledge,  the  reac- 
tions of  the  different  factors  concerned  in  heat  regula- 
tion, within  the  several  groups  and  subdivisions  of  the 
temperature  range,  are  about  as  follows:  At  the  lowest 
limit  of  the  range,  we  meet  with  the  highest  amount  of 
heat  production ;  from  here  on  up  to  the  critical  point, 
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lieat  production  is  found  to  be  gradually  diminishing. 
Heat  regulation,  then,  between  the  lower  limit  of  the 
range  and  the  critical  point,  occurs  principally  through 
■changes  in  chemical  heat  production.  Water  e vapor 
ation  behaves  so  indifferently  here  that  no  regulating 
function  can  be  attributed  to  it.  From  the  critical  point 
on  upward,  no  further  decrease  in  heat  production  de 
pending  upon  temperature  occurs.  In  place  of  changes  in 
heat  production  we  now  notice  changes  occurring  in  heat 
■elimination.  This  second  great  group  of  the  tempera- 
ture range  is  again  divided  into  two  subdivisions,  dis- 
tinctly marked  out  by  important  changes  in  the  reactions 
■of  the  regulating  mechanism.  In  the  lower  of  these 
two  divisions  we  find 
■conduction  and  radiation 
.actively  increased.  Al- 
though a  slight  increase 
in  heat  production  is 
noticeable  within  this 
■section,  due  to  quick- 
■ened  circulation  and  res- 
piration, this  is  exactly 
■counterbalanced  by  a 
•simultaneous  slight  in- 
■crease  in  water  evapora- 
tion. This  kind  of  regu- 
lation extends,  in  the 
■dog,  to  about  5°  C.  above 
the  critical  point. 

In  the  upper  of  the 
two  subdivisions  of 
physical  heat  regulation 
we  find  that  radiation 
and  conduction  cease  to 
be  actively  or  reflexly 
increased  and  are  con- 
siderably diminished  in- 
stead. In  place  of  these 
factors,  water  evapora- 
tion suddenly  sets  in. 

Rubner  has  shown 
that,  when  active  perspi- 
ration begins  in  man,  the 
influence  of  conduction 
and  radiation  ceases  to 
be  exerted  upon  heat 
economy,  but  that  the 
work  of  the  sweat  glands 
liere  causes  a  further  slight  increase  in  the  amount  of 
heat  production. 

These  somewhat  complicated  relations  will  be  made 
clear  by  a  glance  at  the  accompanying  chart,  constructed 
from  one  of  Rubner's  experiments  on  the  dog  and  in- 
tended graphically  to  illustrate  the  essential  points  in 
the  mechanism  of  heat  regulation  under  the  influence  of 
varying  degrees  of  atmospheric  temperature. 

The  next  table  (table  XXI.)  shows  the  experiment  of 
Rubner  on  the  dog  which  the  chart  is  intended  to  repi'e- 
sent  graphically. 

Table  XXI.— Rubner's  Experiment. 


{h)  Air  Currents.  Air  in  motion  has  a  very  important 
influence  upon  heat  economy.  Rubner  sums  up  its  in- 
fluence by  stating  that  air  currents  cause  physical  heat 
regulation  to  begin  at  a  few  degrees  higher  tempera- 
ture than  during  a  calm.  Ranke  expre.sses  the.  same 
thing  by  stating  that  air  currents  cause  the  critical  point 
in  the  temperature  range  to  move  a  few  degrees  up- 
ward. 

{c)  Humidity.  The  thermic  influence  of  atmospheric 
humidity  is  twofold.  It  diminishes  water  evaporation 
and  improves  conduction.  By  increasing  conduction  it 
causes  the  lower  limit  of  the  temperature  range  to  move 
upward,  and  by  retarding  water  evaporation  it  moves 
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In  the  chart,  the  ordinates  indicate  the  number  of  cal- 
ories, the  abscissa,  the  degrees  of  temperature.  W.E. 
stancis  for  water  evaporation ;  G.  and  R.  for  conduction 
and  radiation,  and  H.P.  for  heat  production;  all  else  is 
self-evident. 


Fig.  3509.— Chart  Showing  Temperature  Range  and  Heat  Regulation. 


the  upper  limit  downward,  thus  narrowing  the  entire 
range.  Moist  cold  is  colder  than  dry  cold  and  moist  heat 
hotter  than  dry  heat.  It  will  be  seen,  tlien,  that  the  or- 
ganism possesses  no  defences  against  the  combined  influ- 
ence of  excessive  humidities  and  temperatures. 

II.  Subjective  Conditions. — (a)  Food  and  Feeding. — 
That  amount  and  variety  of  food  which  an  organism  is 
required  to  take  in  order  to  maintain  its  present  weight 
is  called  its  need.  If  more  food  is  taken  than  is  required 
for  this  purpose,  the  smaller  part  of  the  surplus  only  be- 
comes converted  into  tissue ;  the  greater  part  is  decom- 
posed and  eliminated.  Consequently,  an  increased  heat 
production  alwaj's  follows  the  introduction  of  an  amount 
of  food  beyond  the  needs  of  an  organism  to  maintain  its 
weight,  and  the  consequence  of  that  is  that  the  entire 
range  is  moved  downward.  This  is  well  shown  in  one 
of  Rubner's  experiments  (also  quoted  by  Ranke).  In  the 
experimental  animal  of  Rubner,  when  it  was  in  a  state  of 
hunger,  this  sudden  water  evaporation  began  at  a  tem- 
perature of  32.5°  C. ;  when  200  gm.  of  meat  were  given, 
the  sudden  water  evaporation  began  at  19.1°  C,  and 
when  320  gm.  of  meat  were  given,  it  began  at  13.4"  C. 
This  shows  the  enormous  influence  of  feeding  upon  the 
temperature  range;  it  moves  the  entire  range  a  consid- 
erable number  of  degrees  downward.  Under  the  influ- 
ence of  high  temperatures,  therefore,  every  increase  in 
the  food  allowance  beyond  the  mere  need  must  mate- 
rially increase  the  difficulty  of  heat  elimination  and  cause 
the  critical  point  to  move  a  corresponding  number  of  de- 
grees downward.    The  proteid  food  substances  are  the 
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most  powerful  in  this  respect,  the  fats  the  least  effective, 
and  the  carbohydrates  stand  between  the  two. 

(b)  Mtimdar  WofJc. — Numerous  experiments  have 
shown  that  the  influence  of  muscular  work  upon  the 
temperature  range  is  a  most  powerful  one.  Since  heat 
production  is  greatly  increased  by  all  kinds  of  muscular 
work,  its  influence  upon  the  temperature  range  is,  briefly 
stated,  that  it  moves  it  downward.  Near  the  upper 
limit  of  the  range  we  may  reach  a  point  where  a  man 
may  be  able  to  exist  while  at  perfect  rest,  but  where 
every  attempt  at  work  will  lead  to  heat  accumulation 
and  heat  stroke  and  other  pathological  conditions. 

(c)  Clothing  inflxiences  the  temperature  range  by  push- 
ing it  a  certain  number  of  degrees  downward ;  it  has, 
then,  upon  it  an  influence  similar  to  that  exerted  by  eating 
and  muscular  work. 

The  salient  points  of  our  subject  have  now  been  brought 
forward  as  thoroughly,  we  believe,  as  the  scanty  allow- 
ance of  space  will  permit.  We  will  simply  add  the  con- 
clusions arrived  at  by  Ranke  from  a  most  self-sacrificing 
set  of  experiments  which  he  made  upon  himself  and  pub- 
lished in  the  monograph  already  referred  to.    They  are  : 

1.  The  temperature  optimum  of  the  European,  in  mod- 
erate clothing,  lies  between  15°  and  18°  C.  (59°-64.4°  F.), 
providing  that  the  other  climatic  factors  exercise  no  un- 
due influence  at  the  time. 

2.  In  a  climate  with  an  atmospheric  temperature  be- 
tween the  optimum  and  22°  C.  (72°  F.)  an  increased 
water  evaporation  begins  to  show  itself,  but  no  decided 
influence  upon  nutrition  is  yet  noted. 

3.  In  a  climate  of  a  temperature  of  25°  C.  (77°  F.)  and 
on  the  assumption  that  other  climatic  factors  are  without 
great  influence,  a  diminished  desire  tor  food  beg-ins  to  be- 
come manifest;  the  amount  of  food  taken  sinks  to  that 
of  a  man  doing  very  light  work. 

4.  The  climatic  effect  still  rising,  the  amount  of  food 
taken  sinks  below  the  need  of  an  adult  at  rest  and  in  a 
state  of  hunger.  The  proteids  remain  constant,  and  every 
further  diminution  occurs  at  the  expense  of  fats  and  car- 
bohydrates. 

5.  If,  against  the  instinctive  diminution  in  the  desire 
for  nourishment,  food  is  forcibly  taken  in  greater  amount 
than  is  desired,  pathological  changes  in  the  general  health, 
rises  in  the  temperature,  and  a  decreased  resistance  to  in- 
fectious diseases  will  occur. 

6.  If,  on  the  other  hand,  the  quantities  of  food  taken 
are  permanently  diminished  in  accordance  with  the  de- 
mands of  a  tropical  climate,  as  is  usually  the  case,  a 
deficient  nutrition  of  the  organism  is  the  inevitable  re- 
sult, with  all  the  dangerous  consequences  that  follow  in 
its  train. 

From  these  conclusions  and  from  the  preceding  dis- 
cussion, the  leading  principles  that  must  govern  the 
composition  of  a  ration  or  the  diet  of  a  man  who  has 
transferred  his  residence  from  a  temperate  to  a  tropical 
climate  may  be  easily  inferred.  The  details  of  it  are  sub- 
jects of  special  research. 

A  sea  climate  is  perhaps  more  nearly  a  purely  solar 
climate  than  any  land  climate  can  ever  be.  A  solar  cli- 
mate is  defined  as  a  climate  which  would  be  characteris- 
tic of  every  degree  of  latitude,  if  the  earth  was  a  mathe- 
matically perfect  spheroid  without  unevenness,  and  had 
throughout  the  same  composition.  This  is  true  at  least 
for  the  great  oceans.  Although  the  value  of  the  total 
mean  thermic  effect  of  the  climate,  which  the  seaman  is 
exposed  to  as  long  as  he  confines  himself  to  the  limits  of 
his  ship,  has  not  yet  been  determined  with  scientific  ac- 
curacy, it  may  be  safely  said  that  that  value  is  less  than 
one  found  over  a  corresponding  latitude  on  land.  It 
would  most  undoubtedly  be  modified  by  the  ship,  espe- 
cially one  of  the  modern  battleships,  in  which  every  part 
has  a  climate  of  its  own  and  which  must  be  regarded 
as  a  heat-producing  body;  nevertheless,  the  total  mean 
efl'ect  on  deck  will  be  found  to  be  considerably  less  det- 
rimental than  the  corresponding  shore  climate.  With 
the  aid  of  a  few  thermometers,  psychrometers,  anemom- 
eters and  some  interest  and  experience  in  scientific  inves- 
tigations, this  work  should  present  no  difliculty.  Until 


it  shall  have  been  done,  any  expression  of  opinion  on  the 
influence  of  the  climate  in  which  tlie  seaman  lives,  upon 
his  heat  economy,  and  upon  the  composition  of  his  ration, 
would  be  premature. 

IV.  RECRriTING. 

Recruiting  for  the  navy  signifies  the  separation  b_y  a 
medical  ofiicer  of  tlie  physically  fit  from  the  phj'.sical]y 
unfit,  of  the  mentallj'  sound  from  the  mentally  unsound, 
of  good  timber  from  bad  timber,  for  a  most  serious  and 
important  service,  the  common  defence  of  the  land  and 
its  people  against  a  danger  threatening  their  commerce  and 
their  liberty  from  the  direction  of  the  sea.  Every  physician 
in  the  land  should  be  familiar  with  the  principles  and  prac- 
tice of  recruiting,  and  recent  experience  has  demonstrated 
the  fact  that  every  medical  man  in  the  country  is  liable 
to  be  called  upon  to  do  this  duty.  Whatever  else  there 
may  be  connected  witli  the  process  of  enlisting  a  man  in 
the  navy  or  army,  the  point  of  gravity  in  the  dutj^  of  re- 
cruiting lies  in  the  medico-physical  examination  of  the 
recruit ;  but  to  perform  this  duty  properly  requires  some 
knowledge  as  well  as  practice.  We  shall  be  obliged  to 
limit  ourselves  here  to  giving  a  very  brief  outline  of  some 
of  the  more  important  principles  involved. 

To  begin  with,  it  is  a  mistaken  notion  to  presume  that 
any  individual  with  a  normal  heart  and  a  good  pair  of 
lungs  must  necessarily  be  a  fit  candidate  for  the  navy. 
There  are  indeed  many  other  points  of  equal  importance 
which  the  examiner  must  keep  constantly  in  mind  while 
scrutinizing  a  candidate.  Besides  seeing  to  special  parts 
in  the  anatomy  of  an  individual,  he  must  look  at  the  man 
as  a  whole.  Generally  speaking,  a  fine  form  sj'mmetri- 
cally  proportioned,  good  development,  regular  features, 
a  good  clear  eye,  a  frank  and  open  countenance,  convey 
an  impression  that  is  rarely  misleading;  they  form  an 
index  to  the  inner  life  of  the  man,  usually  favorable.  On 
the  other  hand,  asymmetry  of  face  and  body,  irregular 
development  and  features,  the  stigmata  of  degeneration, 
in  at  least  fifty  per  cent,  of  the  cases  are  unfavorable  in 
this  respect.  They  would  indicate  an  abnormal  deviation 
from  the  average,  the  juvenile  offender  in  the  young, 
the  hardened  criminal  and  repeater  in  the  adult.  The 
navy  can  no  longer  be  considered  a  reform  school  for  the 
juvenile  offender  nor  a  prison  for  the  cure  of  the  har- 
dened adult  criminal.  Neither  the  time  nor  the  training 
can  be  given  in  the  service  to  such  objects,  however  no- 
ble, and  there  are  other  institutions,  maintained  by  the 
state,  the  special  function  of  which  is  to  attend  to  these 
duties. 

Besides  good  physique,  the  man,  to  be  of  any  real  and 
permanent  value  to  the  service,  must  bring  with  him 
right  from  the  start  a  good  will,  a  high  sense  of  dutj' 
and  responsibility  capable  of  further  training,  all  of 
which  he  must  be  prepared  and  willing  to  maintain  dur- 
ing the  entire  term  of  service  to  his  country  and  his  flag. 
This  may  be  aiming  high,  but  many  years'  experience, 
both  in  recruiting  and  in  surveying  the  unfit,  have 
proved  to  my  satisfaction  that  the  service  is  not  bene- 
fited but  injured  by  anything  below  such  a  standard. 

TJie  British  Navy. — The  only  other  navy  with  which 
our  own  can  be  compared  as  regards  the  system  of  recruit- 
ing is  the  British  navy.  Although  the  system  of  conscrip- 
tion for  the  army  has — until  recently  at  any  rate — always 
been  considered  in  England  to  be  a  detestable  and  insuf- 
ferable encroachment  on  individual  liberty,  sailors  have 
at  all  times  been  regarded  as  bound  to  serve  in  the  royal 
navy.  If  they  did  not  enter  the  service  voluntarily, 
they  were  simply  pressed  into  it  by  the  press-gang,  often 
very  ruthlessly  and  cruelly.  These  press-gangs,  com- 
manded by  oflBcers,  were  sent  into  the  ports  to  seize  all 
available  seamen.  The  man,  thus  forciblj^  enlisted,  had 
a  small  coin  (the  Queen's  shilling)  pressed  into  his  hand, 
and  it  is  from  this  circumstance  that  the  name  press-gang 
is  said  to  have  been  derived. 

Tliis  peculiar  method  of  recruiting  the  navy,  scorning, 
as  it  did,  all  law  and  humanity,  had  nevertheless  taken 
such  firm  root  in  the  habits  and  modes  of  thought  of  the 
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people  of  England  that,  even  during  the  long  period  of 
peace  after  Waterioo,  when  humanitarian  principles  were 
taking  a  strong  hold  on  all  civilized  communities,  no 
attempt  was  made  to  abohsh  the  press-gang.  Down  to 
the  middle  of  the  nineteenth  century  English  admirals 
declared  that  the  press-gang  was  one  of  the  props  of  the 
greatness  of  England  and  absolutely  indispensable. 

By  that  time  public  opinion  resolutely  and  persist- 
ently objected  to  this  forcible  enlistment,  so  that  in  1852 
the  Admiralty  was  forced  to  adopt  new  methods  for  the 
recruiting  of  seamen  for  the  navy — methods  which  turned 
out  to  be  highly  beneficial,  leading  as  they  did  to  a  thor- 
oughly beneficial  reform  in  the  manning  of  the  navy  and 
to  a  very  superior  personnel  at  the  same  time.  The  royal 
navy  of  Great  Britain  and  the  navy  of  the  United  States 
are  now  both  recruited  on  the  voluntary  system,  while 
in  the  continental  naval  services  the  system  is  by  con- 
scription. 

The  average  of  volunteers  has  invariably  been  found 
superior  to  that  derived  from  those  who  were  driven  into 
the  service  either  by  force  or  by  necessity  or  who  entered 
for  reasons  of  convenience.  So  far  as  the  navy  of  the 
United  States  is  concerned,  its  personnel  has  markedly 
improved  during  the  last  twenty-five  years,  and  the  gen- 
eral public  is  beginning  to  look  upon  the  naval  uniform 
with  both  pride  and  affection  instead  of  as  a  mark  of  de- 
gradation. 

For  the  details  and  the  nature  of  the  physical  examina- 
tion required  in  both  services,  the  reader  is  referred  to 
Appendices  I.  and  II.,  at  the  end  of  this  article.  Every 
physician  may  well  be  supposed  to  be  familiar  with  the 
technique  of  the  examination. 

Tlie  Recruitment  of  Officers. — This  presents  several 
rather  interesting  as  well  as  instructive  differences  in  the 
two  services.  In  the  English  service,  considerable  stress 
is  laid  upon  the  circumstance  that  the  young  naval  can- 
didate possesses  a  good  family  origin  and  connections. 
Under  the  more  democratic  form  of  government  of  tlie 
United  States,  this  principle  of  selection  does  not  prevail. 
Then,  again,  the  firomotion  to  the  higher  grades  of  com- 
mand rank  does  not  proceed  by  seniority  in  England  as  it 
does  in  the  United  States,  but  bj'  selection. 

There  is,  then,  a  certain  amount  of  selection  at  both 
ends  of  the  line  in  the  British  service  that  does  not  exist 
in  the  United  States  naval  service.  Besides,  the  cadet  as 
well  as  midshipman  in  the  British  service  is  obliged  to 
defray  not  only  all  his  private  personal  expenses  but  also 
to  pay  from  fifty  to  seventy-five  pounds  a  year  for  his 
schooling.  Thus  there  is,  in  addition  to  the  above,  a 
money  qualification.  In  both  services  alike  there  is  a 
physical  and  a  competitive  mental  examination,  in  both 
of  which  the  candidate  must  be  successful  before  he  can 
become  a  cadet. 

Granting  that  a  certain  amount  of  this  selection  which 
•characterizes  the  British  service  as  distinct  from  the 
United  States  service  is  done  from  motives  of  interest 
other  than  the  best  of  the  service,  we  must  perhaps  id- 
mit  that  the  resulting  average,  thus  carefully  selected, 
may  in  the  end  be  for  a  steady  and  constant  improve- 
ment of  their  service  after  all.  Even  the  least  important 
of  the  qualifications,  the  money  qualification,  may  not  be 
altogether  without  a  certain  value  as  a  principle  of  selec- 
tion. If  we  regard,  for  instance,  the  possession  of  a  cer- 
tain amount  of  this  world's  treasure  by  the  lad's  father 
or  other  relatives  as  representing  a  certain  amount  of 
brain  power  which  must  have  been  expended  at  some  time 
in  order  to  accumulate  it,  the  natural  conclusion  would 
be  that  the  boy  had  inherited  a  part  of  this  same  brain 
power,  in  a  facultative  state,  in  the  same  natural  way  as 
he  will  some  day  inherit  the  accumulated  ancestral  pos- 
sessions. We  may,  moreover,  further  assume  that  early 
training  might  do  much  to  divert  this  power  into  other 
channels;  in  other  words,  turn  the  lad  into  a  successful 
naval  oflicer  as  his  ancestor  had  proved  himself  success- 
ful in  other  ways. 

In  the  free  and  unhampered  competition  in  the  civil 
life  of  a  republic  like  that  of  the  United  States  and  in  the 
general  scramble  or  struggle  of  the  masses  for  social  pre- 


ferment, high  official  position,  professional  distinction, 
or  financial  betterment,  almost  any  individual  will  in 
the  end  find  his  level,  in  accordance  with  his  natural 
and  inherited  endowments,  his  abilities,  acquired  through 
education,  and  the  use  which  he  makes  of  them.  The 
gifted,  industrious,  physically  and  mentally  fittest  will 
easily  rise  to  the  top,  while  the  phj^sically  weak  and  the 
mentally  deficient  will,  as  naturally  and  according  to  the 
same  law,  gravitate  to  the  bottom  of  this  sea  of  human 
life  and  of  the  multitude.  The  process  of  natural  selec- 
tion in  the  social  sphere  of  human  existence  has  full  sway 
here. 

In  naval  and  military  life,  in  countries  where  all  are 
supposed  to  be  born  equal  but  are  not,  and  in  which  se- 
lection on  the  principle  of  true  merit  and  ability  has  been 
found  either  inconvenient,  impracticable,  or  impossible, 
where  artiticial  barriers  are  created  and  placed  in  the 
way  of  the  advancement  of  organized  merit  and  ability, 
the  results  must  very  naturally  be  somewhat  different. 
While,  perhaps,  a  high  and  uniform  level  of  efficiency  on 
the  part  of  the  individual  members  of  such  a  body  of 
men  may  not  be  inconsistent  with  such  methods,  an  ex- 
tremely dangerous  dearth  of  leaders  must,  nevertheless, 
remain  the  inevitable  result  of  such  a  system,  a  dearth 
most  keenly  felt  at  the  most  inopportune  moments  of 
national  trials  and  tribulations. 

In  view  of  the  above  facts  and  considerations  the  proc- 
ess known  as  recruiting,  being  practically  thj  only  gen- 
erally recognized  and  accepted  method  of  selecting  those 
who  are  fit  for  the  service  from  those  who  are  not,  be- 
comes of  an  imi:)ortance  all  the  greater.  From  this  view- 
point the  physical  examination  of  the  recruit,  more  es- 
pecially, however,  that  of  the  cadet,  must  appear  in  an 
entirely  new  light  and  one  which,  in  its  far-reaching  im- 
portance, it  would  indeed  be  difficult  to  exaggerate. 

Tlie  Significance  of  Selection,  by  Mea  ns  of  a  Physical  Ex- 
amination.— -With  the  aid  of  a  physical  examination,  as 
this  is  understood  at  tlie  present  day,  the  scientificallj' 
trained  and  practically  experienced  examiner  is  able  to 
select,  from  a  given  number  of  candidates,  a  group  not 
only  superior  in  physique,  but  also,  and  at  the  same 
time,  one  superior  in  mental  qualifications  to  the  re- 
mainder. He  can,  moreover,  by  the  same  means  ex- 
clude the  criminals,  criminaloids,  and  the  degenerates. 

It  has  been  shown  by  a  series  of  observations  in  differ- 
ent parts  of  the  United  States  and  other  countries,  made 
by  Porter,  Christopher,  Hastings,  Beyer,  and  oihers,  that 
children  and  youths  who  have  inherited  an  exceptionally 
good  physique  almost  invariably  also  manifest  mental 
qualifications  that  are  likewise  superior.  All  these  ob- 
servations, made  by  different  observers  and  hy  means  of 
different  methods,  have  led  to  such  uniform  results  that 
the  correlation  must  seem  unavoidable  to  any  unpreju- 
diced observer  and  the  application  of  the  principles  in- 
volved to  the  process  of  recruiting  follows  as  a  most  nat- 
ural corollary. 

A  necessary  preliminary  step  to  the  application  of  these 
principles  to  recruiting  is  the  preparation  of  tables  ac- 
cording to  the  percentile  grade  system  of  Francis  Galton 
from  as  large  a  number  of  subjects  as  possible  and  from 
subjects  (men  and  boys)  of  as  nearly  the  same  type  as 
those  with  whom  the  candidates  under  consideration  are 
to  be  compared.  Such  tables  may  include  any  number 
of  measurements  and  tests.  While  height,  weight,  and 
chest  circumference  must  be  regarded  as  absolutely  es- 
sential, other  dimensions  are  very  desii'able. 

The  tables  published  in  "  The  Growth  of  United  States 
Naval  Cadets,"  United  States  Naval  Institute  No.  74, 
include  a  number  of  tests  and  measurements  in  various 
dimensions;  they  will,  therefore,  do  good  service  in  the 
examination  of  cadets.  The  adjoining  three  tables 
(XXII.,  XXIII.,  and  XXIV)  were  made  from  6,901  sailor- 
men  and  boys,  and  may,  consequently,  be  said  to  be  fairly 
representative  of  the  physique  of  that  class  of  people 
who  have  at  all  times  applied  for  enlistment  in  the  naval 
service.  Since,  however,  the  averages  must  be  prepon- 
derating'jy  made  up  from  the  descendants  of  Anglo- 
Saxon  and  Teutonic  stock,  the  examiner  will  still  have 
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Table  XXII. — Heights  in  Percentages. 


Age. 


15 
16 
17 
18 
19 
20 
21 
22 
23 
2i 
25 
26 
27 
28 
29 
30 
31 
33 
33 
34 
35 

Total, 


124 

305 
288 
99 
158 
129 
745 
931 
663 
531 
514 
395 
350 
356 
318 
2.50 
166 
170 
165 
136 
119 


6,901 


Value  in  Inches  at  the  Following  Percentile  Grades. 


5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

Ave 

59.a5 

59.87 

60.66 

61,60 

62.54 

66.37 

64.13 

64.82 

65.77 

66.87 

67.93 

63.8 

60.58 

61.23 

63.06 

63.88 

63.46 

64.01 

64.63 

65.33 

66.19 

67.31 

68.09 

f>4  7 

61.27 

61.99 

63.01 

63.70 

64.31 

64.87 

35.41 

65.96 

66.83 

67.89 

68  77 

6515 

62.23 

63.76 

63.71 

64.34 

64.83 

65.43 

66.08 

66.67 

67.35 

68.35 

69.26 

66.0 

63.38 

63.24 

64.09 

64.91 

65.51 

65.68 

66.68 

67.26 

67.81 

68.68 

69.53 

66.4 

63.19 

63.55 

64.34 

64.89 

65.38 

65.84 

66.30 

66.76 

67.41 

68.46 

69.33 

66.5 

62.70 

63.43 

64.30 

64.96 

65.53 

66.10 

66.73 

67.36 

68.02 

68.97 

69.91 

66.7 

62.54 

63.43 

64.48 

65.36 

65.95 

66.31 

67.08 

67.71 

68.51 

69.59 

70.41 

66.8 

63.85 

63.60 

64.49 

65.18 

65.83 

66.45 

67.07 

67.75 

68.51 

69.48 

70.16 

66.9 

63.44 

63.35 

64.18 

64.88 

65.50 

66.16 

66.83 

67..58 

68.43 

69.43 

69.95 

66.9 

62..56 

63.43 

64.46 

65.28 

65.91 

66..53 

67.11 

67.65 

68.30 

69.37 

70.47 

66.9 

63.37 

63.30 

64.32 

65.18 

65.94 

66.22 

66.93 

67.59 

68.38 

69.64 

70.56 

67.0 

63.35 

63.26 

64.31 

65.04 

65.66 

66.30 

68.96 

67.60 

68.31 

69.30 

70.38 

66.8 

63.35 

63.11 

64.33 

65.22 

65  88 

66.47 

66.97 

67.40 

68.41 

69.57 

70.53 

66.5 

63.14 

63.35 

64.31 

64.92 

65..56 

66.18 

66.80 

67.47 

68.23 

69.36 

70.36 

66.7 

63.33 

63.28 

64.33 

65.03 

65.70 

66.34 

66.94 

67.81 

68.56 

69.41 

69.98 

66.9 

61.83 

63.28 

64.49 

65.43 

66.15 

66.65 

67.21 

67.88 

68..54 

69.48 

70.53 

67.0 

63.04 

62.69 

64.09 

64.83 

65.45 

66.03 

66.60 

67.33 

08.37 

69.38 

09.84 

66.6 

61.31 

63.39 

64.00 

64.73 

65..56 

66.31 

66.93 

67.56 

68.19 

68.79 

69.46 

66.5 

63.70 

63.35 

64.25 

65.22 

66.18 

66.64 

67.23 

67.80 

68.59 

69.63 

70.37 

67.0 

61.65 

63.07 

63.98 

64.69 

65.43 

66.14 

66.80 

67.53 

68.28 

69.29 

70.61 

66.6 

Table  XXIII. — Weights  in  Pekcentages. 


Value  m  Pounds  at  the  Following  Percentile  Grades. 


5 

10 

20 

30  - 

40 

50 

60 

70 

80 

90 

95 

< 

15 

124 

86.80 

89.70 

95.95 

102.33 

105.84 

109.00 

111.35 

117.80 

123.05 

129.44 

1315.80 

109.5 

16 

305 

97.08 

101.31 

104.89 

108.13 

111.56 

114.42 

116.73 

132.50 

127.18 

134.12 

141.76 

111.0 

17 

288 

103.13 

107.69 

111.66 

115.77 

119.68 

123.60 

125.53 

129.27 

133.34 

139.82 

142.72 

127.9 

18 

99 

102.90 

108.90 

113.80 

119.70 

123..53 

124.94 

131.47 

134.66 

139.20 

147.10 

155.25 

131.6 

19 

158 

111.95 

115.90 

120.30 

124.23 

126.30 

128.45 

130.96 

134..53 

138.90 

147.20 

1.52.55 

130.6 

20 

129 

109.45 

116.45 

133.90 

127.34 

130.13 

133.90 

137.57 

140.47 

143.40 

147.70 

160.55 

131.6 

21 

7-J5 

116.47 

119.97 

134.44 

128..59 

131.92 

134.90 

138.81 

143.59 

147.44 

1.53.77 

160.92 

137.5 

22 

931 

118.73 

132.67 

128.15 

133.05 

135.92 

140.08 

143.88 

147.80 

154.24 

163.36 

173.11 

141.5 

23 

662 

121.53 

124.83 

129.83 

ia5.68 

137.85 

140.85 

144.22 

148.24 

154.04 

163.10 

170.95 

140.0 

24 

531 

117.11 

122.34 

130.13 

134.30 

138.15 

143.27 

145.86 

149.75 

155.23 

162.83 

170.36 

137.4 

25 

514 

i;20.63 

124.10 

131.45 

135.18 

139.33 

143.67 

147.53 

1.51.78 

157.44 

166.60 

173.30 

14.5.6 

26 

395 

118.94 

124.10 

131.80 

137.63 

141.08 

144.81 

148.17 

152.92 

159.90 

168.17 

176.42 

146.0 

27 

350 

130,00 

124.70 

131.20 

137.00 

141.63 

146.27 

150.75 

1.54.93 

161.60 

169.87 

177..50 

148.3 

28 

356 

116.80 

133.65 

130.37 

137.30 

141.63 

144.32 

149.18 

156.32 

161.56 

170.28 

179.07 

144.9 

29 

318 

119,56 

137.27 

132.33 

135.78 

140.55 

144.09 

149.01 

1.53.15 

159.85 

169.64 

180.42 

146.6 

30 

250 

130.88 

124.56 

130.75 

135.83 

141.43 

146.20 

151.71 

157.20 

163.00 

173.00 

183..50 

148.6 

31 

166 

133,46 

135.53 

131.60 

137.97 

144.28 

149.00 

153.53 

1.57.60 

16.5.27 

175.13 

184.70 

151.0 

33 

170 

117.50 

133.80 

130.00 

135.00 

139.88 

145.67 

151.50 

1.59.00 

164..50 

171.00 

179.50 

147.5 

33 

165 

120.75 

134.80 

133.50 

138.50 

143.17 

146.70 

155.17 

1.59.88 

166.50 

176..50 

188.37 

150.1 

34 

136 

117.60 

138.30 

133.60 

138.80 

144.13 

149.71 

154.86 

162.55 

169.52 

184.40 

198.40 

152.8 

35 

119 

117.85 

123.30 

135.40 

140.90 

145.40 

149.38 

155.80 

163.30 

169.24 

178.20 

192.15 

150.8 

Total, 

6,901 

Table  XXIV. — Circumference  op  Chest  in  Percentages. 


Age. 


15 
16 
17 
18 
19 
20 
21 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
33 
34 
35 

Total, 


124 
305 


158 
129 
745 
931 
663 
,  531 
514 
395 
3.50 
a56 
318 
250 
166 
170 
165 
136 
119 

6,901 


Value  in  Inches  at  the  Following  Percentile  Grades. 


5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

Ave 

27.03 

27.48 

28.29 

28.91 

29.50 

30.07 

30.53 

30.99 

31.76 

32.72 

33.31 

30.8 

28.10 

28.23 

29.12 

29.53 

29.93 

30.40 

30.95 

31.36 

31. as 

32.36 

33.51 

31.0 

28.76 

29.28 

30.02 

30.31 

30.90 

31.34 

31.60 

32.26 

33.57 

33.69 

34.51 

31.9 

29.13 

29.84 

30.42 

30.89 

31.a5 

31.80 

32.28 

32.80 

33.33 

33.a5 

34.68 

32.4 

29..54 

30.14 

80.72 

31.31 

31.61 

32.00 

32.46 

32.93 

33..56 

34.37 

34.94 

32.6 

29.57 

30.30 

31.13 

31..58 

33.02 

32.50 

32.99 

33..53 

34.11 

34.76 

35,52 

33.0 

30.23 

30.83 

31.50 

33.08 

33.63 

33.14 

33.60 

34.06 

34.70 

35.57 

36.38 

33.6 

30.73 

31.32 

33.12 

33.60 

a3.09 

33.63 

34.17 

34.77 

35.47 

36.42 

37.29 

34.2 

31.03 

31.57 

32.39 

38.98 

3SM 

34.00 

34.55 

a5.13 

35.72 

36.61 

37.43 

34.6 

30.93 

31.55 

32.38 

33.00 

33.01 

34.17 

34.65 

35.15 

35.81 

36.73 

37..57 

34.3 

31.29 

32.09 

32.80 

33.30 

33.77 

34.29 

34.88 

a5.43 

35.98 

36.94 

37.70 

34.8 

31.26 

33.08 

33.01 

33..54 

34.08 

34.67 

a5.24 

35.77 

36.51 

37.56 

38.33 

35.2 

31.23 

33.05 

32.90 

a^.59 

34.33 

34.80 

35.38 

35.90 

36.73 

37.77 

38.32 

35.3 

31.13 

31.90 

32.93 

33.73 

34.33 

34.73 

a5,38 

35.97 

36.83 

37.77 

38.77 

m.i 

31.24 

32.29 

32.96 

SiM 

34.39 

34.83 

35.39 

36.00 

36.66 

37.72 

38.86 

35.4 

31.42 

33.09 

as.n 

33.81 

34.40 

34.95 

35.66 

36.34 

37.00 

38,13 

38.91 

35.6 

31.43 

32.20 

33.29 

34.07 

34.71 

a5.27 

35.78 

36.30 

36.41 

37.14 

39.57 

35.7 

31.23 

32.00 

33.25 

34.15 

34.65 

3.5.17 

35.76 

36.29 

36.77 

37.82 

39.30 

a5.6 

32.09 

32.68 

a3,48 

34.13 

34.69 

35.27 

35.86 

36.52 

37.23 

37.98 

38.86 

35.8 

31.09 

31.86 

33.32 

34.15 

34.26 

35.00 

35.80 

36.54 

37.39 

38.73 

39.65 

35.8 

30.99 

33.39 

33,60 

34.'38 

34.79 

a5.26 

35.74 

36.66 

37.84 

39.01 

39.67 

36.0 

1 
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to  use  his  judgment  as  regards  the  type  of  man  before 
him  in  adjudging  his  relation  to  tlie  averages  given  in 
the  tables.  Such  tables  are  to  the  examiner  what  the 
compasses  are  to  the  navigator.  One  or  two  examples 
will  perhaps  help  to  make  this  clear. 

Example  I.  A  boy  presents  himself  and  his  nearest 
birthday  makes  him  fifteen  years  old.  The  measuring 
rod  gives  his  height  as  63.4  inches,  the  scale  shows  that 
he  weighs  109  pounds  nude,  and  the  tape  measure  around 
his  chest,  taken  at  the  level  of  the  nipples,  shows  that 
his  chest  circumference  is  30  inches.  Looking  now  at 
the  tables,  along  the  line  of  averages  obtained  from  boys 
of  his  age  (fifteen)  we  shall  find  that  all  these  figures  fall 
under  the  fifty  percentile  grade.  What  does  this  indi- 
cate and  what  is  his  physical  relation  or  standing  when 
thus  compared  to  the  rest  of  the  boys  of  his  age  V  It 
means  that  out  of  one  hundred  boys  of  his  age,  our  can- 
didate is  taller  than  forty -nine  and  not  so  tall  as  the  re- 
maining fifty  above  him;  the  same  is,  of  course,  true  for 
weight  and  chest  circumference.  In  other  words,  our 
boy  is  an  average,  or  mean,  boy  for  his  age. 

Example  II.  Our  second  boy  is  sixteen  years  old,  his 
height  is  recorded  as  five  feet  and  one  inch,  his  weight  as 
105  pounds,  and  his  chest  circumference  as  29.5  inches. 
Our  tables  show  him  to  be  ten  per  cent,  in  height,  twenty 
per  cent,  in  weight,  and  thirty  per  cent,  in  chest  circum- 
ference. These  several  percentages  added  together  and 
averaged  make  him  a  twenty-per-cent.  boy:  10  +  20  + 
30  =  =  20.  In  this  manner  a  boy's  physique  in  its 
relation  to  that  of  all  the  other  boys  of  his  age  and  type 
is  brought  out  and  the  physical  examiner  gains  an  idea 
of  the  probable  relation  of  his  candidate  to  the  rest  of  the 
community.  Although  it  is,  comparatively  speaking,  a 
rare  occurrence  that  a  recruit  is  found  to  have  all  his 
measurements  fall  under  the  same  percentile  grade,  it 
is  nevertheless  also  a  fact  that,  whenever  such  is  the 
case,  our  candidate  shows  a  perfectly  symmetrical  de- 
velopment. 

It  has  been  found  over  and  over  again  that  the  curves 
con.structed  from  a  number  of  children  and  youth,  meas- 
ured and  averaged  in  this  manner,  when  compared  with 
the  curves  from  their  mental  examination  marks  received 
at  school,  run  very  nearly  parallel.  An  undoTibted  cor- 
relation betAveen  the  physique  and  the  mental  perform- 
ances of  children  and  youths  is  hereby  fully  established 
and  the  application  of  the  principles  involved  to  the  se- 
lection of  recruits  made  apparent. 

The  minimum  standartls  of  height,  weight,  and  chest 
circumference  required  from  boys  intending  to  enter  tlie 
navy,  as  given  in  Appendix  II.,  are  all  of  very  low  per- 
centage, when  compared  with  the  percentile  grade  tables, 
and  cannot,  therefore,  be  said  to  serve  any  purpose  of 
selection.  If  notwithstanding  these  low  limits  we  get  a 
class  of  men  into  the  service  that  is  better  tlian  our  re- 
quirements would  indicate,  this  would  seem  to  have  been 
obtained  in  spite  of  and  not  with  the  aid  of  our  examina- 
tions. 

There  seems  to  be  nothing  better  established  and  rec- 
ognized by  prominent  army  surgeons — e.g.,  Greenleaf, 
WoodhuU,  Munson,  Woodruff,  Tripler,  and  others— than 
that  the  lowering  of  the  physical  standard  is  invariably 
followed  by  a  lowering  of  the  moral  standard. 

Notter  also  believes  in  the  correlation  between  the 
physical  and  the  moral  standards.  Men  of  defective  de- 
velopment are  noted  for  the  time  which  they  spend  on 
the  sick  list,  in  confinement;  they  are  also  known  to 
furnish  by  far  the  greatest  number  of  deserters. 

The  following  table  (XXV.),  showing,  as  it  does,  that 
the  percentage  number  of  deserters  has  steadily  increased 
since  1895,  except  during  the  war  of  1898,  would,  if  at- 
tributable to  faulty  recruiting  alone,  indeed  be  a  reve- 
lation. But,  although  recruiting  undoubtedly  has  its 
share  in  tlie  production  of  such  a  large  percentage  of  de- 
serters, a  careful  and  unbiassed  inquiry  would  no  doubt 
result  in  tracing  such  wholesale  desertions  to  a  variety  of 
causes.  Such  an  inquiry,  if  it  were  made  without  fear 
or  favor,  would  throw  vahiable  light  on  the  subject. 

Mr.  Arthur  H.  Lee  {Nineteenth  Cent  ury  Magazine,  1901), 


Table  XXV. 


Year. 

Navai. 

Ameri- 
can. 

FOKCK. 

Foreign. 

Total. 

Number 
of 

deserters. 

Same  in 
per  cent. 

189.5  

10,000 

888 

8.8 

1896  

5,720 

5,280 

11,000 

1,041 

9.5 

1897  

6,126 

5,219 

11,345 

1,3.57 

12.0 

1898  

lt,838 

4,990 

22,828 

1,317 

5.8 

1899  

11,446 

5,386 

16,832 

2,452 

14.6 

1900  

.... 

18,000 

3,100 

17.2 

treating  on  the  "recruiting  question,"  says  of  the  English 
army,  where  the  standard  had  been  lowered  several  years 
in  succession:  "Owing  to  the  poor  quality  of  the  recruit 
enlisted,  it  ensues  that  less  than  47  per  cent,  ever  serve 
their  full  term ;  the  remaining  53  per  cent,  are  completely 
lost  to  the  service  and  the  country  after  an  expensive 
training  and  a  few  years' inefficient  service."  "Owing 
to  the  same  cause,  the  annual  number  of  desertions  has 
risen  from  3,357  to  6,378."  "Owing,  moreover,  to  in- 
efficient recruiting,  at  least  10,000  men  disappear  an- 
nually from  the  ranks  of  the  army,  for  no  valid  cause 
beyond  moral  and  physical  unfitness."  "The  pecuniary 
loss  to  the  nation  from  this  cause  elone  is  over  100,000 
pounds  sterling  per  annmn,  which,  in  my  opinion,  might 
be  entirely  obviated  if  the  proper  men  were  enlisted  to 
begin  with." 

Mr.  Lee's  fundamental  contention  is,  that  the  physi- 
cally and  mentally  developed  man  is  not  on!}'  incompar- 
ably the  better  soldier,  but  is  much  the  cheaper  in  the  end. 

Lord  Kitchener  has  several  times  loudly  complained  of 
the  poor  and  useless  cinality  of  recruits  sent  him  to  South 
Africa,  and  Kulp,  from  his  recent  experience,  remarks: 
"  The  undersized,  underfed,  and  underdeveloped  boys 
one  sees  invalided  from  South  Africa  are  not  at  all  rep- 
resentative of  the  sturdy  English  race." 

Thus  it  would  seem  that  a  lowering  of  the  physical 
standards  in  order  to  increase  the  number  of  enlistments 
does  not  add  to  the  value,  the  strength,  or  the  efficiency 
of  an  army  and  is  an  imnecessary  waste  of  public  money. 

Since  there  has  been  at  all  times  a  large  percentage  of 
men  of  foreign  birth  in  tlie  navy,  it  is  interesting  to 
note  the  diff'erence  in  physique  between  that  class  and 
the  native-born  American.  The  adjoining  table  (XXVI.), 
calculated  from — as  nearly  as  that  could  be  done — an 
equal  number  of  both  groups  and  of  the  same  age  (twenty- 
one)  shows  that,  while  the  Americans  have  a  slight  ad- 
vantage in  height  in  almost  all  the  percentile  grades,  the 
foreign-born  American  seaman  has  a  more  decided  ad- 
vantage in  both  weight  and  chest  circumference. 


Table  XXVI. —Averages  of  3.50  American  and  316  Foreign 
Born  (all  Twenty-One  Years  Old)  Compared. 


Height  Inches. 

Weight, 

POUNDS. 

Chest 
Circumference. 

cent. 

*  a 

as 
< 

c 

.Sf 

a;  d 
<  ^ 

S 

d 

fcf 

ID 

'S 
o 
b 

<° 

'I! 
o 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 

62.91 
63..50 
64.48 
65.27 
65.96 
66..52 
67.06 
67.61 
68.21 
68.94 
69.86 

62.61 
63.40 
64.30 
64.86 
65.40 
65.93 
66.63 
67.34 
68.05 
68.88 
69..52 

113.2 
116.9 
121.5 
12^5.0 
128.0 
131.4 
135.0 
139.1 
143.5 
149.4 
1.57.2 

11.5.4 
119.5 
124.5 
128.5 
131.5 
V.U.I 
i;58.4 
142.2 
147.5 
1.53.9 
159.2 

29.4 
30.2 
31.0 
31.5 
31.9 
32.3 
32.7 
S3.2 
33.7 
34.5 
35.2 

30.3 
31.0 
31.7 
32.3 
32.8 
33.3 
33.6 
34.3 
34.9 
35.9 
36.7 

The  Significance  of  War  to  the  Nation  and  the  Race. — It 
is  said  of  physicians  that  a  large  portion  of  their  woik  is 
directed  toward  the  prevention  of  disease  rather  than  to 
the  cure  of  it,  and  medical  men  have  the  rare  distinction 
of  being  perhaps  the  only  workmen  known  who  make  it 
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their  first  duty  to  stop  the  sources  of  supply  whence 
they  derive  their  income.  To  prevent  disease  and  suffer- 
ing is,  nevertlieless,  the  liigliest  function  of  hygiene  and 
one  of  the  noblest  aspirations  of  modern  medicine.  If  we 
look  upon  wars  as  preventable  causes  of  disease  and  suf- 
fering and  of  death,  it  would  seem  to  be  one  of  the  func- 
tions of  naval  and  military  hygiene,  not  only  to  modify 
if  not  altogether  to  exterminate  bullets,  as  we  are  trying 
to  annihilate  germs,  mosquitoes,  and  other  disease- pro- 
ducing agencies,  but  also  to  try  to  devise  means  for  the 
final  abolition  of  war  itself.  Tlie  gradual  reduction  in 
the  calibre  and  the  change  in  shape  of  the  new  small-arm 
projectile  seem  to  be  a  step  in  this  direction.  In  the  same 
sense,  arbitration  may  some  day  fill  a  chapter  in  a  woi'k 
on  hygiene,  and  the  great  peace  conference  at  The  Hague, 
called  into  being  by  the  august  ruler  of  all  the  Russias  a 
few  years  since,  would  then  constitute,  historically  speak- 
ing, the  first  great  international  attempt  at  promoting  the 
fundamental  interests  and  purposes  of  naval  and  military 
hygiene.  War  undoubtedly  is  the  greatest  and  most 
merciless  destroyer  of  the  best  there  is  of  human  life. 
The  history  of  every  war-like  nation  usually  ends  in  the 
extinction  of  the  best  of  that  nation.  Greece  died  be- 
cause the  men  who  had  made  her  glory  had  all  passed 
away ;  leaving  none  of  their  kin,  they  left  none  of  their 
kind.  The  Greeks  of  to-day  are  the  sons  of  those  of 
whom  she  could  make  no  use  in  her  conquest  of  Asia. 
Indeed  there  is  strong  groimd  for  the  statement  that 
there  was  more  of  the  old  heroic  blood  of  Hellas  in  the 
Turkish  army  of  Edhem  Pacha  than  in  the  soldiers  of 
King  George  who  fled  before  them  five  years  ago. 

The  cause  of  the  fall  of  Rome  has  been  traced  to  the 
extinction  of  the  best  of  her  race  through  her  numerous 
conquests ;  only  cowards  remained  and  from  their  brood 
came  forward  the  new  generations,  and  even  Caesar  noted 
the  dire  scarcity  of  real  men,  and  "  vir,"  the  real  man.  be- 
came "homo,"  a  mere  human  being. 

"  Send  me  the  best  you  have,"  said  Napoleon ;  "  I  want 
men,  not  boys. "  Since  the  time  of  the  French  Revolution 
and  the  Napoleonic  wars,  French  skulls  may  be  found 
piled  up  in  Italy,  Austria,  Germany,  Russia.  Egypt,  and 
Spain.  They  are  the  skulls  of  the  best  men  that  France 
had  sent  into  the  field.  It  was  only  after  these  were 
gone  that  the  great  general  began  to  call  for  boys,  say- 
ing, "A  boy  will  stop  a  bullet  as  well  as  a  man,"  and 
these  died  without  leaving  any  offspring.  From  that 
time  onward  the  men  of  the  hoe  became  the  fathers  of 
the  present  men  of  France.  M.  Legoyt  thinks  it  will 
take  long  periods  of  peace  and  plenty  before  France  can 
recover  the  tall  statures  mowed  down  in  the  wars  of  the 
republic  and  of  the  first  Empire. 

Mr.  Arthur  Knapp,  in  his  work  entitled  "  Feudal  and 
Modern  Japan,"  says:  "It  is  astonishing  to  find  that 
after  more  than  six  generations,  or  more  than  two  hun- 
dred years  of  peace  in  which  physical  courage  has  not 
been  demanded,  these  virile  powers  iu  the  Japanese 
should  be  found  unimpaired."  The  student  of  history, 
however,  finds  that  this  is  just  what  he  would  expect, 
for,  in  times  of  peace,  there  is  no  slaughter  of  the 
strong,  no  sacrifice  of  the  brave  and  courageous.  It  is 
in  accordance  with  the  laws  of  natural  history  and  is 
proven  by  all  the  records  of  human  history  that  the  na- 
tion which  has  seen  the  least  of  war  always  develops  the 
strongest  battalions. 

Germany,  always  systematic  and  thorough,  taking  ad- 
vantage of  the  lessons  taught  by  scientific  research,  and, 
guided  by  the  best  principles  of  the  times,  guards  her 
men  and  reduces  the  waste  in  war  to  a  minimum,  by  the 
strictest  attention  to  scientific  liygiene.  She  is  military 
rather  than  warlike.  In  modern  times,  the  greatest  loss 
to  Germany  has  occurred  through  emigration,  not 
through  wars.  The  tendency  of  all  emigration,  whether 
from  countr}^  districts  into  towns  in  the  same  country  or 
from  one  country  to  another,  has  always  been  to  weaken 
those  left  behincl.  Ammon  has  shown,  for  Germany,  by 
measurements,  that  the  average  of  those  who  emigrate  is 
superior  to  the  average  of  those  who  stay  behind.  Quete- 
let  has  shown  that  in  some  towns  of  Belgium  the  average 


stature  was  a  little  higher  than  iu  the  country.  Dunant 
found  this  to  hold  good  with  respect  to  the  inhabitants  of 
Geneva  as  compared  with  the  country  people  around. 
Villerme,  Manouvrier,  and  others  have  shown  that  the 
stature  of  the  Parisian  conscript  is  higher  by  8  or  9  mm. 
tlian  that  of  the  men  belonging  to  the  rural  arrondisse- 
ment  of  the  Seine.  Germany  has  long  since  recognized 
this,  and  hence  her  struggle  for  colonies,  the  possession 
of  which  alone  can  save  her  ever-increasing  population 
to  her  flag.  It  is  want  of  room  and  lack  of  opportunity 
that  drive  her  sons  to  foreign  shores,  not  fear  of  military 
service ! 

Holland  has  become  a  nation  of  old  men.  Her  sons 
have  died  in  the  fields  of  Java,  and  Batavia  alone  is  said 
to  have  one  million  of  Dutch  graves.  Dutch  armies  are 
to-day  recruited  elsewhere,  Holland  wiH  not  waste  any 
more  of  her  own  blood. 

"  Spain  died  of  empire  years  ago.  Sh6  has  never  really 
crossed  our  path,  it  was  only  her  ghost  which  walked  at 
Manila  and  Santiago.  The  warlike  nation  of  to-day  is 
the  decadent  one  of  to-morrow  "  (David  Starr  Jordan, 
Forum,  1901). 

As  long  as  the  physician  cannot  prevent  the  occurrence 
of  disease,  he  will  have  to  continue  trying  to  do  his  best 
to  cure  it ;  as  long  as  war  will  continue  to  recur,  a  nation 
will  have  to  face  the  foe.  Since,  however,  the  most 
skilful  physician  for  the  care  and  treatment  of  disease 
will  in  the  end  prove  the  least  expensive  to  the  family, 
so  the  best  sailor  and  soldier  will  invariably  prove  the 
more  remunerative  to  the  state.  To  bring  a  war  to  a 
speedy  and  successful  termination,  a  nation  must  offer 
as  recruits,  and  be  willing  to  sacrifice,  the  best  she  breeds. 

Henry  G.  Beyer. 

Appendix  I.  Requirementsfnr  Enlistmentin  the  BritishNavy.— 
The  British  navy  is  enlisted  upon  the  Voluntary  System.  The  seaman 
must  have  a  good  physique,  though  height,  apart  from  a  good  devel- 
opment, is  considered  of  no  advantage.  While  no  physical  examina- 
tion is  required  for  the  mercantile  marine,  none  but  promising  lads 
are  accepted  for  the  training  ships  of  His  Majesty's  navy,  and  persons 
of  vyhatever  age  or  class  found  to  be  laboring  under  any  of  the  under- 
mentioned physical  defects  or  deformities  are,  by  Article  1154  of  the 
Admiralty  Instructions,  1899,  considered  unfit  for  the  service : 

(a)  A  weak  constitution,  imperfect  development,  or  important  mal- 
formation or  physical  weakness,  either  hereditary  or  acquired. 

(h)  Skin  disease,  temporary  or  trivial ;  extensive  marks  of  cupping, 
leeching,  blistering,  or  of  issues. 

(c)  Malformations  of  the  head,  deformity  from  fracture  or  depres- 
sion of  the  bones  of  the  skull,  impaired  intellect,  epilepsy  or  paralysis 
or  impediment  of  the  speech. 

(d)  Blindness  or  defective  vision,  imperfect  perception  of  colors,  or 
any  chronic  disease  of  the  eyes  or  eyelids. 

(6)  Impaired  hearing,  discharge  from  or  disease  of  one  or  both 
ears. 

(/ )  Disease  of  nasal  bones  or  cartilage  and  nasal  polypus. 

(g)  Disease  of  throat,  palate,  tonsils  or  mouth  ;  cicatrices  of  neck, 
whether  from  scrofula  or  from  suicidal  wounds;  unsound  teeth  or 
seven  teeth  missing  or  defective  in  persons  under  seventeen  years  of 
age ;  ten  defective  or  deficient  teeth  in  persons  above  the  age  of 
seventeen. 

ill)  Functional  or  organic  disease  of  the  heart  or  blood-vessels,  de- 
formity of  chest,  phthisis,  bronchitis,  htemoptysis,  asthma,  dyspnoea, 
chronic  cough,  or  any  evidence  of  lung  disease  or  .tendency  thereto. 

(i)  Undue  swelling  or  distention  of  the  abdomen;  disease  of  liver, 
spleen  or  kidneys,  hernia  or  tendency  thereto,  incontinence  of  urine, 
syphilis  or  gonorrhoea. 

(j)  Non-descent  of  either  or  both  testicles,  hydrocele,  varicocele,  or 
any  other  serious  defect  or  malformation  of  the  genital  organs. 

(h)  Fistula  of  anus,  hemorrhoids,  or  any  disease  of  stomach  and 
bowels. 

(I)  Paralysis,  weakness  or  impaired  motion,  or  deformity  of  either 
extremity,  including  varicosity  of  veins,  especially  of  the  leg,  and 
distortion  or  malformation  of  hands,  feet,  fingers  or  toes, 

(m)  Distortion  of  spine,  of  the  bones  of  pelvis,  no  matter  whether 
from  injury  or  disease,  or  from  constitutional  defect. 

Appendix  II.  Requirements  for  Enlistment  in  the  United  States 
iVai'i/.— Briefly  stated,  the  physical  requirements  for  enlistment  in 
the  United  States  navy  are  as  follows :  The  candidate  must  be  of 
good  physical  proportions,  and,  if  accepted,  is  required  to  take  oath 
before  enlistment  that  he  is  not  subject  to  fits  and  has  no  concealed 
diseases.  Any  of  the  following  conditions  are  sufficient  to  cause  the 
rejection  of  an  applicant:  Greatly  retarded  development;  feeble 
constitution,  inherited  or  acquired ;  permanently  impaired  general 
health;  depraved  condition  of  general  nutrition  ;  liability  to  any  dis- 
ease; chronic  diseases  or  results  of  injuries  sufficient  permanently  to 
impair  efficiency— such  as  weak  or  disordered  intellect ;  epilepsy  or 
other  convulsions  within  five  years;  impaired  vision  or  chronic  dis- 
ease of  the  ears ;  chronic  or  offensive  nasal  catarrh ;  tumors  of  the 
nasal  passages  or  great  enlargement  of  the  tonsils;  marked  impedi- 
ment of  speech;  decided  indications  of  liability  to  pulmonary  dis- 
ease ;  chronic  heart  affections ;  rupture ;  non-appearance  of  testicles ; 
dropsy  of  testicle  or  cord ;  stricture,  flstula  or  hemorrhoids ;  large 
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varicose  veins  of  lower  limbs,  scrotum  or  cord ;  chronic  ulcers ;  cu- 
taneous and  communicable  diseases:  unnatural  curvature  of  the 
spine ;  wryneck  or  other  deformity ;  permanent  disability  of  either 
of  the  extremities  or  articulation  from  any  cause ;  defective  teeth ; 
the  loss  or  extensive  caries  of  four  molar  teeth. 

In  addition  to  the  above,  candidates  for  enlistment  as  apprentice 
must  at  least  fulfil  the  requirements  of  the  following  table  of  mini- 
mum measurements: 


Age  in  years. 

Minimum  height. 

Minimum 
weight. 

Minimum  chest 
circumference. 

14 

4  feet  9  inches. 

70  pounds. 

2li  inches. 

15 

4  feet  11  inches. 

80  pounds. 

27  inches. 

10 

5  feet  1  inches. 

90  pounds. 

28  Inches. 

NAVAL  MEDICAL  SERVICE.— I.  Naval  Medical 
)epartment. — Historical  JSotice. — "The  Marine  Com- 
lAittee  "  of  the  Continental  Congress  made  provision  at 
am  early  date  for  a  medical  department  of  the  navy,  and 
declared  "  the  care  of  the  sick  and  wounded  to  be  objects 
of  ga-eat  solicitude."  In  the  "Rules  for  the  Regulation 
of  the  Navy  of  the  United  Colonies,"  adopted  November 
28th?^1775,  this  service  was  defined.  After  the  comple- 
tion oX  the  revolutionary  struggle  slow  progress  was 
made,  t^ntil  1794,  when  the  entire  naval  service  was  aug- 
mented ;\yet  at  this  time  the  medical  departments  of  the 
army  ana,  navy  were  one,  under  an  officer  who  bore  the 
title  of  pliYsiciau-general.  Not  until  1828  were  the  medi- 
cal departments  of  the  army  and  navy  divided.  In  1842 
the  bureau  W  medicine  and  surgery  of  the  navy  depart- 
ment was  created,  and  W.  P.  C.  Barton  was  nominated 
its  chief.  Bj\the  act  of  1871  the  entire  service  was  reor- 
ganized, the  grades  of  medical  director,  and  medical  in- 
spector createdXand  the  title  of  surgeon-general,  with  the 
relative  rank  on  commodore,  conferred  on  the  chief  of 
bureau.  In  Mai'Vi.  1898,  this  officer  was  given  the  rank 
and  title  of  rear-adjiiiral. 

The  organization,  of  the  medical  corps  of  the  navy  is 
essentially  that  created  by  the  act  of  1871,  and  amended 
by  the  acts  of  1898  aiad  1900. 

The  grades,  ranks,  V'ld  titles  in  the  medical  corps  of 
the  navy,  compared  with  that  of  tlio  line  of  the  army  and 
navy,  is  shown  in  the  tiible  prepared  by  Medical  Director 
Grihon,  as  modified  by  ej^isting  law. 
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U.  S.  Army. 

\ 

\      U.  S.  Navy. 

All  Officers. 

Line. 

Medical  Officers. 

Lieut.-General. 
Major-General  . . . 
Brigadier. 

Lieut.-Colonel  — 
1st  Lieutenant — 

Admiral. 

Rear-Admiral 

Cominander  

Lieut.-Commandei'. 

Lieutenant  

Lieutenant  (Junior 
Grade)  

Surgeon-General. 

Medical  Director. 

Medical  liispector. 

Surfri'ons  (Senior). 

\  Surgvdiis  (.Junior). 

1  Passed  Asst.  Surgeon  (Sr.). 

)  Passed  Asst.  Sin-geon  (Jr.). 

"l  Assistant  Surgeon. 

By  the  act  of  1898  positive  rank  was  conferred  on  all 
officers  of  the  medical  corps  of  the  navy,  and  in  1900  as- 
sistant surgeons  were  given  the  rank  of  lieutenant  (junior 
grade),  corresponding  to  first  lieutenant  in  the  armj-. 

The  titles,  grades,  and  numbers  in  the  medical  corps 
of  the  nav}'  are  as  follows,  viz. :  1.5  medical  directors,  15 
medical  inspectors,  55  surgeons,  and  105  in  the  combined 
grades  of  passed  and  assistant  sui-geons. 

The  number  of  officers  in  the  grade  of  passed  assistant 
surgeon  is  not  limited,  the  law  providing  for  promotion 
of  assistants  after  three  years'  service. 

The  surgeon-general  does  not  constitute  an  extra  num- 
ber, but  is  chosen  from  the  grade  of  director  or  inspector 
for  a  term  of  four  years,  being  eligible  to  reappointment. 
All  officers  of  the  navy  retire  on  reaching  the  age  of 
sixty-two  years. 

Examination  and  Appointment. — A  candidate  for  en- 
trance into  the  medical  corps  of  the  navy  must  be  between 


the  ages  twenty-oiie  (21)  and  thirty  years  (30).  He  ap- 
pears before  a  board,  which  is  under  oath  to  report  on 
his  physical,  mental,  moral,  and  professional  qualifica- 
tions. 

Appointments  are  made  in  the  order  of  merit  reported 
1)}^  the  board. 

The  examination  is:  (1st)  physical:  (2d)  mental,  con- 
.sisting.  of  {(i)  written,  (b)  oral,  {c)  clinical,  (fZ)  practicjal, 
and  embraces  about  six  days. 

The  board  of  medical  examiners  sits  permanently  at 
the  Naval  Hospital,  New  York.  Prior  to  1897  no  exami- 
nation was  required  from  the  grade  of  passed  assistant 
to  that  or  surgeon,  but  under  present  law  examinations 
occur  with  each  promotion.  The  examination  for  the 
grade  of  surgeon  relates  largely  to  an  officer's  experience 
attained  in  tlie  lower  grades.  It  comprises  the  following 
subjects:  («),  Naval  regulations,  in  so  far  as  they  pertain 
to  the  medic£i)l  department :  (6)  thesis  on  general  and  na- 
val hygiene;  \c)  thesis  on  clinical  medicine;  {d)  practical 
bacteriology  a^d  chemistry ;  (e)  microscopy  and  microbi- 
ology; (/)  military  surgery. 

The  flow  of  pi;onu)tion  is  dependent  upon  resignations, 
dismissals,  retirements,  and  deaths. 

Officers  reachihg  the  grade  of  surgeon  at  this  time 
(1900)  have  been  in  the  service  about  ten  years.  The 
disposition  of  offic(?rs  entering  the  corj^s  depends  upon 
tiie  exigencies  of  the  service;  if  these  permit,  they  are 
ordered  to  receiving  ships,  and  gain  some  preliminary 
knowledge  of  the  duties  and  life  at  sea.  The  percentage 
of  those  given  permisgiou  to  appear  before  the  board  of 
examiners,  who  pass,  is  small.  Thus,  of  the  twenty-two 
candidates  who  presented  themselves  during  the  fl.scal 
year  ending  in  1896,  four  were  rejected  physically, 
twelve  were  rejected  professionally,  and  six  were  found 
(qualified  for  the  position  Of  assistant  surgeon.  It  cannot 
be  concluded  from  this  statement  that  the  examination 
is  unduly  rigorous,  but  rather  it  is  indicative  of  insuffi- 
cient academic  study  and  a  lack  of  thoroughness  in  the 
professional  equipment,  which  we  fear  is  far  too  common 
a  condition  among  the  graduates  of  a  large  number  of 
medical  schools  in  the  United  States. 

The  compensation  of  oflicers  of  the  medical  corps  is 
that  of  their  corresponding  rank  in  the  line,  and  is  shown 
as  follows : 

Pay  Table. 


o 

ances 
mum.* 

On  s 

AlloM 
per  at 

Assistant  Surgeons :  Rank  of  Lieutenant 

(Junior  Grade)  

Passed  Assistant  Surgeons : 

Rank  (if  Lleuteiuiiit  (Junior  Grade)... 

After  live  years  in  the  service  

Rank  of  Lieutenant  

After  five  years  in  the  service  

After  ten  years  in  the  service  

Surgeons : 

Rank  of  Lieutenant :  After  fen  years  in 
the  service  

After  fifteen  vein's  in  (lie  service  

Rank  of  I.ieuteniint-Cdinniiindei- :  Af- 
ter ten  years  in  the  servici'  

After  fifteen  years  in  llie  ser\  ice  

Medical  Inspectors,  rank  (if  Connnander : 

After  fifteen  years  in  the  service  

Medical  Directdrs,  rank  of  Captain: 

After  fifteen  years  in  the  service  

Surgeuii-(;eneral,  rank  of  Rear-Admiral. 


51,050.00 

SI, 402.50 

$288.(K) 

1,6,'')0.00 
1,800.00 
1,980.00 
2,1(50.00 
2,340.00 

1,402.50 
1,5;».0(1 
l,(i83.00 
l,8.3(;.0(l 
1,989.00 

288.00 
288.00 
4:i2.(M) 
4;!2.(KI 
432.00 

2,340.00 
2,520.00 

1,989.0(1 
2,142.00 

432.00 
432.00 

3,250.00 
3,500.00 

2,762.50 
2,975.00 

570.00 
576.00 

4,000.00 

3,400.00 

576.00 

4,.5C0.00 
5,500.00 

3,825.00 
5,500.00 

720.00 
720.00 

The  hospital  corps  of  the  navy  was  authorized  by  an 
act  of  Congi'ess,  June,  1897,  thus  securing  for  the  service 
skilled  men  for  the  care  of  the  sick  and  wounded. 

The  hospital  corps  consists  of  the  following  grades 
and  rates:  ((/)  Pharmacists,  warrant  officers ;  (b)  hospital 
stewards,  chief  petty  officers;  (c)  hospital  apprentice, 
first  class ;  {d)  hospital  apprentice,  second  class. 

*  Only  when  quarters  are  not  furnished  by  the  Government. 
Eight  cents  a  mile  is  the  allowance  when  travelling  under  orders. 
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An  examination,  physical  and  professional,  before  a 
board  of  medical  officers,  is  required  for  enlistment  and 
for  promotion  in  each  of  the  above  grades. 

The  naval  medical  department  maintains  hospitals  at 
the  following  places:  Widow's  Island,  Me. ;  Portsmouth, 
N.  H. ;  Boston,  Mass. ;  Newport,  R.  I. ;  Brooklyn,  N.  Y. ; 
Philadelphia,  Pa. ;  Washington,  D.  C. ;  Annapolis,  Md. ; 
Norfolk,  Va. ;  Pensacola,  Fla. ;  Mare  Island,  Cal. ;  Yoko- 
hama, Japan ;  Cavite,  P.  I.  The  hospitals  provided  by 
the  original  act  of- Congress  were  those  at  Boston,  New 
York,  Philadelphia,  .and  Norfolk.  That  at  Philadelphia 
has  been  converted  into  the  Naval  Asylum,  and  a  tine 
modern  structure  has  taken  its  place. 

The  naval  hospitals  qf  the  United  States  and  other 
powers  have  been  fully  described  by  Surgeon  J.  D.  Gate- 
wood,  U.  S.  N.* 

At  a  comparatively  recent  date  most  of  these  hospitals 
have  been  modernized  in  construction,  and  their  equip- 
ment has  been  raised  to  present  vjequirements. 

Although  the  hospital  ship  Maine  has  done  efficient 
service  in  South  Africa,  the  floatmg  hospital  of  the  fu- 
ture will  be  the  Ambulance  Shij),  shtqh  as  was  the  Solace 
during  the  late  wnj-  with  Spain.  The  object  of  such  a 
ship  is  to  collect  the  sick  and  woimdedin  a  fleet  after  an 
engagement,  render  immediate  succor,  and  transfer  tlie 
wounded  to  abase  hospital.  While  the  presence  of  such 
a  ship  amid  hostile  fleets  had  been  previously  proposed, 
the  desirability  of  such  a  step  was  formally  advanced, 
and  earnestly  advocated  by  the  present  chief  of  bureau, 
Surgeon-General  W.  K.  Van  Reypen,  in  a  paper  read 
before  the  Twelfth  International  Medical  Congress,  held 
at  Moscow  in  1897,  and  in  less  than  a  year  it  was  this 
officer's  privilege  to  commission  the  Solace,  a  ship  such 
as  he  had  described,  which  rendered  such  excellent  Ser- 
vice in  the  war  with  Spain. 

The  Solace  had  a  displacement  of  thirty-six  hundred 
tons,  was  three  hundred  and  seventy  feet  over  all,  with 
an  average  sj^eed  of  fourteen  knots ;  she  carried  steam 
launches  and  barges  for  the  transfer  of  the  sick  and 
wounded.  Hoisting  and  lowering  wei'e  accomplished  by 
steam  winches.  A  complete  aseptic  outfit,  fornialdehj'de 
generators,  disinfecting  chambers,  launthy,  and  drying 
room  were  provided.  The  Solace  accommodated  three  hun- 
dred and  fifty  patients.  Ventilation  was  accomplished  by 
means  of  powerful  blowers  and  electric  fans.  The  ship 
flew  the  Red  Cross,  and  was  under  the  protection  of  the 
Geneva  Convention.  Indeed  everything  which  could  be 
suggested  to  make  this  floating,  travelling  hospital  a 
success  was  done.  The  excellent  results  accomplished 
justified  all  expectations,  and  established  a  decided  ad- 
vance in  the  humanitarian  aspect  of  modern  war. 

Hospital  sliips  may  still  serve  a  useful  purpose  as  be- 
fore stated,  when  the  base  of  a  fleet  is  too  remote  to  per- 
mit of  the  transfer  of  the  disabled.  When  conditions 
obtain,  such  as  those  at  Santiago,  or  such  as  prevail  at 
present  (1900)  in  Manila  and  China,  the  Ambulance  Ship 
will  be  of  inestimable  value  so  long  as  Japan  can  be  used 
as  a  base. 

Ser-vice  at  Sea. — -The  progress  made  in  the  past  twenty - 
five  years  in  the  betterment  of  conditions  making  for 
health  on  shipboard  are  only  equalled  by  the  advance  in 
the  sciences  of  medicine  and  surgery  themselves;  yet 
the  former  condition  is  not  largely  due  to  the  latter,  but 
rather  to  the  improvement  of  naval  construction  and  a 
higher  appreciation  of  sanitary  principles,  which  have 
been  so  persistently  inculcated.  Medical  Director  Gihon 
has  drawn  a  graphic  picture  of  this  change ;  and  since 
this  officer's  active  service  closed,  the  improvement  has 
continued,  the  modern  man-of-war  presenting  the  most 
striking  object-lessons,  showing  how  an  observance  of 
the  prime  principles,  involving  a  supply  of  fresh  air, 
good  lighting,  and  scrupulous  cleanliness,  has  so  far  suc- 
ceeded as  to  render  a  most  unnatural  life  and  environ- 
ment a  comparatively  healthy  one.  In  this  connection, 
it  must  be  borne  in  mind  what  a  radical  change  has  been 
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wrought  in  the  life  of  a  man-of-war's  crew  by  the  change 
from  sail  to  steam  power;  and  to  overcome  the  delete- 
rious eft'ect  thus  brought  about  has  been  the  most  impor- 
tant problem  which  the  naval  medical  officer  has  been 
called  upon  to  consider;  and  the  splendid  results  obtained 
in  our  service  during  the  late  war  are  most  creditable 
alike  to  conunanding  and  to  medical  officers.  We  have 
every  reasonable  hope  that  the  lessons  of  the  past  are 
now  heeded,  and  that  the  inutilit}^  of  a  ship,  however 
powerful,  with  a  crew  living  in  unhealthy  conditions,  has 
been  amplj'  demonstrated.  Such  was  Admiral  Vernon's 
expedition  against  Carthagena,  in  which  the  crew  were 
crowded  into  dark,  ill-ventilated  sleeping  quarters,  and 
were  fed  upon  salt  and  often  decomposing  food  with  bad 
water.  Surgeon-General  Tryon  has  pointed  out  that 
when  iron  and  wood  supplanted  steel  as  the  material  for 
the  construction  of  ships,  a  destructible  organic  substance 
was  substituted  by  an  indestructible,  inorganic  substance, 
and  this  change  worked  the  most  impoi-tant  reform  in 
naval  hygiene.  The  sequels  of  this  change  were  broad 
inlets  for  the  admission  of  air,  and  light,  systematic  ven- 
tilation, the  distillation  of  water,  its  preservation  in  iron 
tanks,  and  the  improvement  of  the  rations  by  the  art  of 
preserving  foods.  Thus  were  accomplished  the  condi- 
tions which  have  made  prolonged  life  at  sea  not  only 
possible,  but  one  closely  approaching  the  natural.  A 
discussion  of  such  questions  belongs  to  the  domain  of 
naval  hygiene ;  they  have  been  alluded  to  here,  and  give 
the  reader  an  idea  of  the  broader  lines  of  duty  which  will 
engage  the  attention  of  a  medical  officer  at  sea.  The  de- 
tails and  daily  rounds  are  soon  mastered,  and  are  impor- 
tant or  vmimportant,  much  more  in  the  way  in  which  the 
sanitarian  of  the  ship  conceives  of  his  duty  than  in  any 
other.  The  naval  medical  officer  will  soon  learn  that  it 
is  in  the  broad  realm  of  preventive  medicine  that  he  will 
find  his  sphere  of  greatest  utility ;  that  to  ameliorate  the 
effects  of  environment  and  to  reduce  the  potency  of 
\13athological  factors  should  be  his  chiefest  aim. 

The  daily  duties  are  defined  by  regulation ;  and  besides 
attention  to  and  report  upon  the  condition  of  the  sick,  tliey 
enil^race  an  inquiry  into  that  of  the  living  spaces,  cells, 
closets,  pantries,  and  an  examination  of  food  and  water 
issued  or  coming  on  board.  A  duty  jDeculiar  to  army 
and  naval  medical  service  is  that  of  determining  whether 
in  a  given  case  of  disease  or  injury  it  is  the  result  of 
causes  incident  to  service ;  on  this  decision  rights  to  pen- 
sion are  based,  and  in  it  also  are  involved  the  rights  of 
the  individual  and  the  Government  alike,  both  of  which 
are  to  be  respected. 

The  facilities  of  the  medical  department  on  shipboard 
have  in  late  years  been  greatly  improved,  involving  a 
comfortable  hospital,  or  sick-bay,  usuall}'  supplied  with 
bath  and  closet.  When  we  consider  that  the  primal  ob- 
ject of  a  battleship  is  the  destruction  of  life,  we  must  ad- 
mit that  the  humanitarian  side  of  the  question  has  had  as 
a  rule  fair  treatment.  Medical  officers  at  times  complain 
of  an  insufficiency  of  accommodation,  yet  a  generous  con- 
sideration is  accorded,  and  any  agencies  seriously  affect- 
ing the  interest  of  the  department  are,  if  possible,  reme- 
died. The  medical  supplies,  including  hospital  stores, 
furnished  by  the  naval  laboratory  located  at  New  York, 
are  usually  of  good  quality;  and  this  held  good  during 
the  stress  of  the  Spanish-American  war.  The  supply 
table  is  varied  and  the  allowance  liberal.  Complete 
antiseptic  outfits  are  supplied,  £ind  the  instrument 
cases  are  now  so  complete  that  when  hospitals  are  in- 
accessible, major  operations  can  be  performed  with  con- 
fidence. \ 

Inasmuch  as  the  naval  medical  officer,  visits  all  cli- 
mates, he  should  be  an  authority  on  cliniatic  diseases, 
and  consequently  the  reports  of  the  bureau  of  medicine 
and  surgery  contain  frequent  descriptions  of  such  mala- 
dies. Indeed,  since  the  late  acquisition  of  territory  by 
the  United  States,  the  great  need  of  more  exact  knowl- 
edge of  diseases  foreign  to  our  own  nomenclature  has 
been  greatly  emphasized. 

The  accompanying  table  exhibits  the  amount  of  disease 
in  the  naval  service  for  the  years  1893-94. 
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